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Introductory  Note 


THE  Cyclopedia  of  Engineeriug  is  compiled  from  the 
most  practical  and  comprehensive  instruction  papers  of 
the  American  School  of  Correspondence.  It  is  intended 
to  furnish  instruction  to  those  who  cannot  take  a  correspondence 
course,  in  the  same  manner  as  the  American  School  of  Corre- 
spondence affords  instruction  to  those  who  cannot  attend  a  resident 
engineering  college. 

C  The  instruction  papers  forming  the  Cyclopedia  have  been  pre- 
pared  especially  for  home  study  by  acknowledged  authorities,  and 
represent  the  most  careful  study  of  actual  shop  needs  and  condi- 
tions. Although  primarily  intended  for  correspondence  study, 
they  are  in  use  as  text  books  by  ('olumbia  University,  Lehigh 
University,  Iowa  State  College,  the  l^niversity  of  Maine,  the  U.  S. 
Government  in  its  School  of  Submarine  Defense,  the  Westinghouse 
Companies  in  their  Shop  School,  and  for  reference  in  the  leading 
colleges,  shops  and  public  libraries. 

CL  Years  of  experience  in  the  shop,  laboratory,  and  class-room 
have  been  required  in  the  preparation  of  the  various  sections  of 
the  Cyclopedia.  Each  section  has  been  tested  by  actual  use  for 
its  practical  value  to  the  man  who  desires  to  know  the  latest  and 
best  practice  in  the  shop  or  engine  room. 


C  Ntuneroiis  examples  for  practice  are  iaserted  at  intervals;  these,  - 
with  the  test  quuBtiona,  help  the  reader  to  fix  iu  mind  the  easeDtial 
points,  thus  combining  the  advantages  of  a  text  book  with  a 
reference  work, 

C  Grateful  acknowledgment  is  due  to  the  corps  of  writers  and 
collaborators,  who  have  prepared  the  many  sections  of  thia  work. 
The  hearty  co-operation  of  these  men — engineers  of  wide  practical 
experience  and  acknowledged  ability  —  lias  alone  made  these 
volumes  possible. 

C  The  Cyclopedia  has  been  compiled  with  the  idea  of  making  it  a 
work  thoroughly  technical  yet  easily  comprehended  by  the  man 
who  has  but  little  time  in  which  to  acquaint  himself  with  the 
fundamental  branches  of  practical  engineering.  If,  therefore,  it 
should  benefit  any  of  the  large  number  of  workers  who  need,  yet 
lack,  technical  training,  the  editors  will  feel  that  its  miesiou  has 
been  accomplished. 
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THE  STEAM  ENGINE 


There  are  various  kinds  of  enc^ines  from  wliich  niHchanioal 
work  is  obtiiinejl  hy  the  expeiiditui'e  of  heat.  In  the  gas  untwine  a 
mixture  of  g:us  and  air  is  burned  in  the  cylinder,  the  heat  thus 
generated  l)eing  conveittjd  into  work  by  the  expansion  of  the 
products  of  conil)ustion.  The  action  in  oil  and  hot-air  en lm ties 
is  very  uniihir.  The  most  important  of  all  heat  engines,  however. 
is  the  steam  engine,  in  whieh  the  heat  in  steam  is  transformed  into 
work.  It  will  be  useful  to  review  briefly  some  of  the  stages  through 
which  it  has  2>si^sed  in  its  deveIo]mient. 

The  first  steam  euijiiu's  of  whieh  we  have  anv  knowh'dm;  were 
described  by  Hero  of  Alexandria,  in  a  book  wriltt^i  two  centuries 
before  Christ.  Some  of  them  were  verv  in<'enious,  but  the  Iwjst 
were  little  more  than  toys.  From  the  tiuio  of  Hero  until  tlie 
seventeenth  century  thej-e  was  very  little,  piogress.  At  this  time 
thera  began  to  l)e  great  need  of  steam  pumps  to  remove  water 
from  the  coal  mines.  In  10 15,  Sahunoii  <hj  Cans  devised  the 
following  arrangement.  A  vessel,  having  a  [>ip<»  leading  from  the 
bottom,  wsis  filled  with  water  and  then  clostMl.  Ht?at  applied  to 
the  vessel  caused  steam  to  be  formed,  which  forced  the  water 
through  the  pipe. 

A  little  lateral!  engine  was  constructe<l  in  the  form  of  a  steam 
turbine;  but  it  was  unsuccessful,  and  the  attention  of  inventorj 
was  again  turned  to  pumps. 

Finally  Thomas  Savery  completed,  in  1()1>^>,  tlie  lir>t  com- 
mereially  successful  steam  engine.  It  was  very  wasteful  <»f  ste'im 
as  compared  witli  our  engines  of  today,  but  as  being  the  lirst 
engine  to  accomi)lisli  its  t^isk  it  was  a  grand  success.  Savcrv's 
engine  (Fig-  1)  consisted  of  two  oval  vessels  placed  side  hy  side 
and  in  communication  with  a  boiler.  The  lower  parts  wen^  con- 
nected bv  tubes  fitted  with  suitable  valves.  Steam  from  the 
boiler  was  admitted  to  one  of  the  vessels  an<l  the  air  driven  out. 
The  steam  was  then  condensed  and  a  vacuum  formed  by  letting 
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«7ater  play  over  the  surface  of  the  vessel.  When  the  valve 
opened,  this  vacuum  drew  water  from  below  until  the  vessel  was 
full.  The  valve  was  then  closed  and  steam  again  admitted,  so 
that  on  opening  the  second  valve  the  water  was  forced  out 
through  the  delivery  pipe.  The  two  vessels  worked  alternately. 
When  one  was  filling  with  water,  the  other  was  open  to  the 
boiler  and  was  being  emptied.  Of  the  two  boilers,  one 
supplied  steam  to  the  oval  vessels  and  the  other  was  used  for  feed- 
ing water  to  the  first  boiler.  The  second  boiler  was  filled  while 
cold  and  a  fire  lighted  under  it.  It  then  acted  like  the  vessel 
used  by  Salomon  de  Cans  and  forced  a  supply  of  feed  water  into 
the  main  boiler. 


END   VIEW. 


Fig.  1. 


RIDE   VIEW. 


A  modification  of  Savery's  engine,  the  piilsometer  (Fig.  2), 
is  still  quite  common.  It  is  used  in  places  where  an  ordinary 
pump  could  not  be  used  and  where  extreme  simplicity  is  of 
especial  advantage.  Its  valves  work  automatically  and  it  requires 
very  little  attention. 

A  serious  difficulty  with  Savery's  engine  resulted  from  the 
fact  that  the  height  to  which  water  could  be  raised  was  limited  by 
the  pressure  which  the  vessels  could  bear.  Where  the  mine  was 
very  deep  it  was  necessary  to  use  several  engines,  each  one  liaising 
the  water  a  part  of  the  whole  distance.     The  consumption  of  coal 
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in  proportion  to  tlie  work  done  was  about  twenty  times  as  gi-esit 
as  that  of  a  good  modem  steam  engine.  This  Wiis  largely, 
though  not  entirely,  duo  to  the  immense  amount  of  steam  which 
was  wasted  by  condensation  when  it  came  in  contact  with  the 
water  in  the  oval  vessels, 

The  next  great  step 
in  the  development  of 
tlie  steam  engine  was 
taken  by  Newcomen, 
who  in  1705  succeeded 
in  preventing  contact 
l)etween  the  steam  and 
the  wjiter  to  be  pumped, 
thus  diminishing  the 
amount  of  steam  use- 
lesslv  condensed.  He 
introduced  the  first  suc- 
cessful engine  which 
used  a  piston  working 
in  a  cylinder. 

In  Nowco  men's 
engine,  shown  in  Fig.  3, 
there  was  a  horizontal 
lever  pivoted  at  the 
center  and  caiTying  at 
one  end  a  long  heavy 
rod  which  connected  with  a  pump  in  tlie  mine  below.  A  piston 
was  liung  from  tlie  other  end  of  the  lever,  and  worked  up  and 
down  in  a  vertical  cylinder,  which  was  open  at  the  top.  Steam 
acted  only  on  the  lower  side  of  the  piston.  Steam  at  atmospheric 
pi-essure  was  admitted  from  the  boiler  to  the  cylinder,  and  as  the 
pressure  was  the  same  both  al)ove  and  below  the  piston,  the  falling 
of  the  heavy  pump  rod  raised  the  piston.  A  jet  of  water  was  now 
passed  into  the  cylinder  to  condense  the  steam  and  form  u  vacuum. 
Tliis  left  the  piston  with  atmospheric  pressure  above  and  very 
slight  pressure  below,  so  it  was  forced  down  and  the  pump  rod 
again  raised.  Steam  could  again  be  admitted  to  the  cylinder,  the 
pump  rod  would  fall,  and  so  on  indefinitely. 


Fijr.    2. 


18 


6  THE     STEAM     ENGINE. 

In  the  daya  of  Newcomen  it  was  very  difficult  to  obtain  good 
workmanship.  For  this  reason  it  was  often  necessary  lo  make  the 
cylinders  oE  wood,  and  even  then  there  miglit  be  a  space  of  one- 
eighth  of  ail  inch  between  the  wall  of  tlie  cylinder  and  the  piston, 
In  oi-der  to  prevent  steam  fiom  blowing  through  this  passage,  or 
air  from  leaking  in  when  tlie  steam  was  condensed,  it  was  custom- 
ary to  keep  a  jet  of  water  ]ilaying  on  the  top  of  the  pistoiL 


One  great  trouble  with  all  these  engines  w;i3  that  they  re- 
quired some  one  to  open  and  close  the  cocks.  Boy.s  were  generally 
employed  to  do  tliis  work.  In  order  to  get  time  to  play,  ons  ot 
them  rigged  a  catch  at  the  end  of  a  cord  which  was  attached  to 
the  beam  overhead.  This  did  the  work  for  him.  Making  the 
valves  autom;itic  in  this  way  made  it  possible  to  dispense  with  the 
services  of  the  boy  and  at  tlie  same  time  greatly  increase  the  speed 
of  the  engine.  This  en^ne  was  improved  slightly  from  time  to 
time  by  different  inventors  and  was  very  extensively  used  uutil 
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Watt's  time.  Some  of  them  are  in  existence  today.  While  this 
engine  was  a  success  and  a  great  improvement  over  its 
predecessors,  it  was  still  very  large,  wasteful  and  heavy,  m  com- 
parison with  the  work  done.  Wlien  the  cylinders  were  made  of 
iron  they  were  simply  cast  and  not  bored,  thus  leaving  a  rough, 
stony  coating  over  the  iron,  called  the  skin. 

In  the  year  1763,  a  small  model  of  a  Newcomen  engine 
was  taken  to  the  shop  of  an  instrument  maker  in  Glasgow,  Scot- 
land, to  be  repaired.  This  instrument  maker,  whose  iiame  was 
James  Watt,  had  been  studying  steam  engines  for  some  time  and 
he  became  very  much  interested  in  this  model.  He  was  a  man  of 
great  genius,  and  before  he  died  his  inventions  had  made  the  steam 
engine  so  perfect  a  machine  that  there  lias  been  but  one  really 
great  improvement  in  it  since  his  time ;  namely,  compound  expan- 
sion. All  other  improvements  have  been  merely  following  in 
the  line  of  his  suggestions  and  constructing  what  he  could  not  for 
lacK  of  good  tools. 

He  found  that*  to  obtain  the  best  results  it  was  necessary, 
"  Firsts  that  the  temperature  of  the  cylinder  should  always  he  the 
same  as  that  of  the  steam  which  entered  it;  and,  secondly,  that 
when  the  steam  was  condensed  it  should  be  cooled  to  as  loio  a  temr 
perature  as  possible, ^^  All  improvements  in  steam-engine  efficiency 
have  been  in  the  direction  of  a  more  complete  realization  of  these 
two  conditions. 

In  order  to  keep  the  cylinder  nearly  as  hot  as  the  entering 
steam,  Watt  no  longer  injected  water  into  the  cylinder  to  condense 
the  steam,  but  used  a  separate  vessel  or  condenser.  He  made  his 
piston  tight  by  using  greater  care  in  construction,  so  that  it  was 
not  necessary  to  have  a  water  seal  at  the  top.  He  then  covered 
the  top  of  the  cylinder  to  prevent  air  from  cooling  the  piston. 
When  this  was  done  he  could  use  steam  above  as  well  as  below 
the  piston ;  this  made  the  engine  double  acting. 

Also,  in  the  effoi-t  to  keep  the  cylinder  as  hot  as  the  entering 
steam,  he  enclosed  the  cylinder  in  a  larger  one  and  filled  the  space 
between  with  steam.  This  was  not  often  done,  however,  and  only 
of  late  years  has  the  steam  jacket  been  of  much  advantage.  He 
also  used  steam  expansively,  that  is,  the  admission  of  steam  was 
stopped  when  the  piston  had  made  a  part  of  the  stroke ;  the  rest 
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of  Uie  stroke  was  completed  by  the  expansion  of  the  steam  already 
admitted.  This  plan  ia  now  used  in  all  engines  that  are  built  for 
economy. 

Otiier  inventions  made  by  Watt  on  his  steam  enpne  were : 
a  parallel  motion,  that  is,  iiii  arrangement  of  links  connecting  the 


end  of  the  piston  rod  with  the  beam  of  the  engine  in  such  a  way 
as  to  guide  the  rod  almo.st  exactly  in  a  stniiglit  line ;  tlie  throttle 
valve,  for  regulating  the  nite  of  ndmissioii  of  steam  and  the  centrif- 
ugjil  governor,  which  controlled  the  sptaed  by  acting  on  tJie  throttle 
valve. 

Watt  also  invented  the  "  indicator,"  by  means  of  which  dia- 
grams  are  made  which  ehow  at  all  points  the  relation  between  the 
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pressure  in  the  cylinder  and  the  position  of  the  piston  at  that 
instant.  His  assistant,  Murdoch,  invented  tiie  slide  valve  as  a 
means  of  admitting  and  releasing  the  steam.  Fig.  4  shows  Watt's 
final  engine. 

Watt,  like  other  early  inventors,  sold  many  of  his  engines  to 
miners,  who  had  been  using  horses  to  pump  out  the  mines-  and 
for  this  reason  he  rated  his  engines  by  the  horee-power.  Although 
this  term  has  an  liistorical  derivation  it  has  no  real  significance, 
and  no  relation  whatever  to  the  power  of  a  hoi-se.  It  is  an 
established  unit  for  measuring  the  rate  at  which  work  is  done.  One 
horse-power  is  the  amount  of  work  necessary  to  raise  33,000  pounds 
through  one  foot  in  one  minute  ;  and  we  may  say  that  one  liorse- 
power  is  equal  to  33,000  foot  pounds  per  minute. 

Watt  saw  that  by  using  high-pressure  steam  he  could  get 
more  work  from  it;  but  as  it  was  not  possible  to  make  very  reli- 
able boilers  he  never  used  a  pressure  of  more  than  seven  pounds 
per  square  inch  above  the  atmosphere.  About  the  year  1800 
compai-atively  high  pressures  came  more  into  use  and  the  non- 
condensing  engine  was  introduced.  In  Watt's  engine,  and  all 
those  preceding  his,  a  vacuum  was  produced  in  front  of  the  piston 
by  condensing  the  steam,  and  either  the  atmosphere  or  steam  at 
atmospheric  pressure  pushed  it  through  the  stroke.  In  the  non- 
condensing  engine,  using  high-pressure  st-eam,  the  space  in  front 
of  the  piston  could  be  opened  to  the  atmosphere  at  exhaust,  and 
although  the  atmospheric  pressure  resisted  its  motion  the  pressure 
of  the  steam  behind  the  piston  was  still  greater  than  that  of  the 
air.  These  engines  were  much  more  simple  than  the  condensing 
engines,  as  they  required  no  condenser. 

About  this  time  what  would  now  be  called  a  compound  engine 
was  introduced  by  Hornblower  and  later  by  Woolf.  It  had  two 
cylinders  of  different  size.  Steam  was  admitted  into  tlie  smaller 
cylinder,  and  then  passed  over  into  the  larger.  The  steam  ex- 
panded a  little  in  the  smaller  cylinder  and  much  more  in  the 
larger  one. 

A  great  many  attempts  were  made  to  build  locomotiveSy  but 
they  were  generally  unsuccessful  until  George  Stephenson  built 
his  engine,  the  "Rocket,"  in  1829.  The  principal  new  feature 
of  this  engine,  was  the  improved   steam  blast  for  increasing  the 
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draft  Id  the  furnace  and  so  making  possible  the  use  of  a  smallei 
boiler.  Later  he  used  tlie  "link  motion,"  which  enabled  the 
engine  to  be  quickly  reversed  and  the  amount  of  expansion  varied. 


Tha  Stephenson  link  motion  may  be  seen  on  almost  any  locomo- 
tive. It  is  simply  a  device  by  wliicli  either  of  two  eccentrics  may 
be  made  to  move  the  valve. 

About  the  year  1814,  Woolf  introduced  a  compound  pump- 
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ing  engine  in  the  mines  of  Cornwall,  but  a  simpler  engine  was 
later  introduced  and  Woolf  s  engine  fell  into  disuse.  This  later 
engine  became  known  as  the  Cornish  Pumping  Engine  and  was 
famous  for  many  years  because  of  its  economy.  It  was  the  firet 
engine  ever  built  tliat  could  compare  at  all  with  modern  engines 
in  tLe  matter  of  steam  consumption.  It  consisted  of  a  single 
cylinder  placed  under  one  end  of  a  beam  from  the  other  end  of  which 
hung  a  heavy  rod  which  operated  a  pump  at  the  foot  of  the  shaft. 
Steam  was  admitted  on  the  upper  side  of  the  piston  for  a  short  por- 
tion of  the  stroke  and  allowed  to  expand  for  the  remainder  of  the 
stroke.  This  forced  the  piston  down,  lifted  the  heavy  pump  rod 
and  filled  the  pumps  with  water.  Then  communication  was 
established  between  the  upper  and  under  side  of  the  piston,  ex- 
haust occurred,  and  the  heavy  pump  rod  fell,  lifting  the  piston  and 
forcing  the  water  out  of  the  pumps.  The  cut-oflf  was  about  .3 
stroke,  and  the  pump  made  about  seven  or  eight  complete  strokes 
per  minute  with  a  short  pause  at  the  end  of  each  stroke  to  allow 
the  valves  to  close  easily  and  the  pumps  to  fill  with  water.  The 
cylinder  was  jacketed.  These  engines  needed  great  care  and  were 
in  charge  of  competent  men,  to  whom  prizes  were  frequently  given 
for  the  best  efficiency,  which  doubtless  accounts  for  their  wonderful 
performance. 

PARTS  OF  THE  STEAn  ENGINE. 

Fig.  5  shows  the  elevation  of  a  simple  form  of  steam  engine. 

The  Cylinder  A  (see  plan,  Fig.  6)  is  that  part  of  the  engine  in 
which  the  piston  moves  back  and  forth.  It  is  made  of  cast  iron  and 
accurately  bored.  Great  care  must  be  taken  in  this  work,  for  any 
anevenness  will  allow  steam  to  leak  through  between  the  piston  and 
cylinder  walls  or  it  may  even  cause  the  piston  to  stick  or  work 
hard.  In  large  engines  the  cylinder  consists  of  two  parts,  the 
outer  or  cylinder  proper  and  a  comparatively  thin  cast  iron  liner. 
A  space  can  be  left  I)etween  them  for  a  steam  jacket.  Should  the 
cylinder  liner  be  damaged,  it  can  be  replaced  without  the  expense 
of  a  new  cylinder. 

The  Cylinder  Heads  B  cover  the  ends  of  the  cylinder  and  are 
securely  bolted  thereto.  In  the  ci*ank-end  cover  there  is  an 
opening  for  the  piston  rod  to  pass  through.    This  opening  is  made 
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steam  tight  t>y  a  BtuUing  box  which  Burroands  the  pieton  rod. 
SometimeB  the  pJBtoii  rod  is  prolonged  beyond  the  piston  and 
through  the  front  cover.     This  ext^Dsion   of  the  pistou  rod  is  to 


help  steady  the  piston  in  a  long  sti'olse  and  is  l^nown  as  the  tail 
rod,  AVlieii  a  tail  rod  is  used  another  stiitting  box  must  also  be 
provide*!  for  the  head-end  cover. 
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The  Piston  U,  in  small  engines,  is  usually  a  tliick  disc  of  iron 
or  steel,  as  shown  in  Fig.  6.  It  is  often  made  conical,  as  shown 
in  Fig.  7,  to  better  withstand  the  steam  pressure  and  to  gain  space. 
The  piston  must  fit  the  cylinder  steam  tight  and  yet  move  easily. 
To  accom{>lish  this,  one  or  more  grooves  in  the  piston  ai'e  filled 
with  packing  (usually  metallic),  or  spring  rings  may  be  used. 

The  Piston  Rod  C  (Figs.  5  and  6)  is  made  of  steel  and  con- 
nects the  crosshead  and  the  piston  to  which  it  is  rigidly  fixed. 

The  Crosshead  D  serves  to  join  the  piston  rod  and  connecting 
rod.  At  one  end  it  is  fiistened  to  the  piston  rod,  and  at  the  other 
end  is  the  wrist  pin  V  on  which  the  connecting  rod  swings.  It 
iR  guided  to  and  fro  by  the  crosshead  guides  Q. 

The  Connecting  Rod  E  is  a  steel  forging  from  three  to  eight 
times  the  length  of  the  ci*ank,  depending  upon  the  type  of  engine. 
One  end  is  jointed  to  the  crosshead  by  the  pin  V,  called  the  wrist 
pin,  while  the  other  encircles  the  crank  pin  and  revolves  with  it. 
A  detail  view  of  one  end  is  shown  in  Fig.  8  ;  the  other  end  is 
frequently  similar.  In  some  cases  the  small  end  is  forked,  as 
shown  in  Fig.  9. 

The  Crank  Pin  F  fonns  the  connection  between  the  crank 
and  connecting  rod. 

The  Cnink  G,  equal  in  length  to  one-half  the  stroke  of  the 
piston,  converts  the  back  and  forth  motion  of  the  connecting  rod 
into  circular  motion.  It  may  be  simply  an  arm,  as  shown  in  Fig. 
10,  or  a  complete  disc  keyed  to  one  end  of  the  shaft,  as  shown  in 
Fig.  11.     The  disc  is  more  nearly  balanced  than  the  crank. 

The  Shaft  H  transmits  the  rotary  motion  from  the  crank  to 
the  fly  wheel  P. 

The  Frame  of  the  engine  S  is  a  heavy  casting,  which  supports 
the  cylinder  and  bearings.  It  should  be  securely  bolted  to  the 
foundation. 

The  Steam  Chest  M  receives  steam  directly  from  the  boiler, 
and  the  steam  passes  thence  through  the  ports  W  into  the  cylinder. 

The  Eccentric  I  is  a  disc  keyed  to  the  shaft  so  that  its  center 
and  the  center  of  the  shaft  do  not  coincide.  The  eccentric  strap  Y 
encircles  the  eccentric  and  imparts  a  reciprocating  motion  to  the 
valve  stem  L  and  the  eccentric  rod  J.     This  action  is  similar  to 


21 


14 


THE     STEAM    ENGINE. 


that  of  the  ci-ank  and  connecting  rod,  hut  exactly  reversed.     K  is 
the  valve  stem  crosshead  and  R  its  guides. 

The   Slide  Valve  X  is   the  valve  for  alternately  admitting 


f  1  M  Hf-Il. 


L.^^ 


Fig.  7. 

steam  to  the  cylinder  and  releusing  it.     It  has  n  cup-shaped  cavity 
in  its  face  through  which  the  exhaust  steam  passes.     It  is  situated 

in  the  steam  chest  and  is  moved 
by  the  valve  gear,  that  is,  the 
eccentric  and  tlie  eccentric  rod. 
The  Clearance  Z  is  the  space 
between  tlie  2)iston  and  the 
cylinder  head  (when  the  piston 
is  at  the  end  of  the  stroke),  to- 
'    y.     g  gether  with  the    volume  of   the 

steam  ports.     This  volume  must 
be  filled  with  steam  before   the  piston  can  start.     It  is  usual  to 
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;t:i-tam  per  cent  of  the  volume  swept 


express  tlie  clearance  as  a  c 
through  by  the  piston. 

The  crank  may  revolve  in  either  ilirection.  If  we  stnnil  by 
the  cylinder,  facing  the  crank  shaft,  antl  the  cnink  moves  away 
from  us  as  it  paivses  o  ._^^^^ 

the  shaft,  we  say  that  it  j^=|  ^3  [  ^J  ] 

is  running  orer.  If  it 
moves  away  from  us  as 
it  passes  under  the  shaft, 
we  say  that  the  engine 
is  niiining  under.  Tlie 
nction  of  steam  in   the 


cylinder   of   im   engine   is   very  complicated,  and   its   discussion 
will  he  taken  up  later  in  the  course. 

TYPES  OF  ENGINES. 

Classification.  There  are  so  many  different  types  of  engines 
that  it  is  difficult  to  classify  tliem  alt  |)roi>erly.  Most  engines 
helong  to  several  classes  at  one  and  the  same  time.  For  instance, 
there   are   condensing    and    non-condensing  engines ;    there   are 
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the  atmosphere  or  into  a  condenser.  Simple  engines  (see  Figs.  5 
and  12)  are  now  used  only  for  comparatively  small  powers,  say 
100  H.  P.  or  less,  and  although  more  extnivagant  of  fuel  than  the 
others,  may  still  be  the  most  economical  financially  if  low  first  cost 
is  an  im[)ortant  item,  if  they  are  not  run  continuously,  or  if  the 
load  fluctuates  widely. 

Compound  Engines  have  two  cylinders  known  as  the  high  pres- 
sure and  low  pressure.  Steam  entei*s  thesmaller  or  high  pressure 
cylinder  and  then  expands  until  release,when  it  is  exhausted  into  the 
larger  cylinder,  where  the  expansion  is  finished.  The  cylindera 
should  be  so  propoi-tioned  that  approximately  the  same  amount 
of  work  can  be  done  in  each.  The  first  cylinder  is  small,  because 
it  has  the  higher  steam  pressure,  and  a  given  weight  of  steam 
occupies  less  space  when  at  high  pressure.  The  second  must  be 
large,  so  that  the  volume  at  cut-off  can  contain  all  of  the  steam 
exhausted  from  the  high. 

Besides  being  more  economical  the  compound  has  a  distinct 
mechanical  advantage.  The  two  cranks  may  be  set  at  right 
angles,  so  that  when  one  is  on  dead  center  tlie  other  is  at  a  posi- 
tion of  nearly  its  greatest  effort.  This  makes  a  dead  center 
impossible,  and  gives  a  more  uniform  turning  moment.  Then  the 
individual  parts  may  be  made  ligliter,  and  are  thus  more  easily 
handled,  but  the  engine  is  much  more  costly,  and  it  is  nearly 
twice  as  much  work  to  take  care  of  it. 

Wiien  the  cranks  of  a  compound  engine  are  at  90°,  tlie  low- 
pressure  piston  is  not  ready  to  receive  steam  when  the  high  pres- 
sure exhausts,  hence  there  must  be  a  receiver  to  hold  the  steam 
until  admission  occurs  in  the  low.  Such  engines  are  called  croan 
compound.  Fig.  13  shows  one  form.  Sometimes  instead  of 
having  the  cranks  at  90°  they  are  placed  together  or  opposite. 
Then  the  strokes  begin  and  end  together,  and  the  high  can  ex- 
haust directly  into  the  low  without  a  receiver.  Such  engines  are 
called  Wool/  engines,  A  tandem  compound  engine,  sliown  in 
Fig.  14,  has  both  pistons  on  one  rod,  the  higli- pressure  piston  rod 
foiniing  the  low-pressure  tail  rod.  Such  engines  are  less  expen- 
sive because  there  is  but  one  set  of  reci[)rocating  parts  instead  of 
two,  but  like  simple  engines  they  have  the  disadvantage  of  dead 
points. 
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Triple  Expansion  Engines  expand  the  steam  in  three  stages 
instead  of  two.  There  are  usually  three  cylinders,  the  high,  inter- 
mediate, and  low,  arranged  with  cranks  120**  apart.  This  gives  a 
more  uniform  turning  moment  than  a  compound.  Sometimes  there 
are  four  cylinders  to  the  triple,  one  high,  one  intermediate,  and 
two  low.  This  arrangement  gives  better  balance  and  is  often 
used  in  marine  work. 

For  triple  engines  there  must  be  a  receiver  between  each 
two  cylinders.  Fig.  15  shows  the  essential  features  of  a  triple 
expansion  engine. 

Quadruple  Engines  expand  their  steam  in  four  stages  instead  oi 
three.     Multiple-expansion  engines  are  nearly  always  condensing. 

Cylinder  Ratios.  There  are  several  considerations  to  be 
remembered  when  proportioning  the  cylinders  of  multiple-expan- 
sion engines.  The  ratio  of  the  cylinder  should  be  such  that  each 
develops  nearly  the  same  power  ;  the  drop  in  pressure  between  the 
cylinders  and  receivers  should  be  small,  and  the  strains  in  the 
cylinders  about  equal. 

There  are  many  formulas  in  use,  some  simple,  others  involv- 
ing mathematical  calculation.  A  common  rule  for  compound 
engines  is  to  make  the  ratio  of  the  cylindei-s  equal  to  the  square 
root  of  the  total  ratio  of  expansion.  Thus  if  the  steam  has  a  ratio 
of  expansion  of  9,  the  ratio  of  the  cylinder  volumes  will  be  ^^"9" 
=  3,  or  the  low-pressure  cylinder  will  have  a  volume  3  times 
as  great  as  the  high-pressure  cylinder.  If  the  cylinder  ratio  is  3, 
and  the  length  of  stroke  is  the  same  for  lx)th,  the  diamettir  of  the 
low-pressure  cylinder  will  be  1.75  times  that  of  the  high-pressure 
cylinder. 

Another  rule  is  to  make  the  cylinder  ratio  equal  to  the  total 
ratio  of  expansion  multiplied  by  the  fractional  part  of  tlie  stroke 
completed  when  cut-off  occurs  in  the  high-pressure  cylinder. 

Suppose  the  ratio  of  expansion  is  9,  as  above,  and  that  cut-oflF 
occurs  at  ^  of  the  stroke  in  the  high-pressure  cylinder.  The  ratio 
of  cylinder  volumes  will  be  9  X  ^  =  3.  If  cut-off  occurs  at  J 
the  stroke,  the  ratio  will  be  9  X  2^  =  4.5. 

For  triple  expansion  engines  the  low  pressure  cylinder  is 
made  large  enough  to  develop  the  whole  power  if  steam  at  boiler 
pressure  is  used. 
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The  intermediate  cylinder  is  made  approximately  of  a  mean 
size  between  the  high  and  the  low.  The  area  of  the  intermediate 
piston  is  found  by  dividing  the  area  of  tlie  low  by  1.1  times  the 
square  root  of  the  ratio  of  the  low  to  the  high. 

We  may  write  tlie  above  thus, 

Area  of  low-prea.  cyl. 


Aren  of  blgb-prei.  cyl-  = 
Area  of  inter,  cyl.  : 


C'ut-oH  of  hlgh-iires.  X  ratio  of  exp. 
Area  of  low-presBura  cyllniler. 
1.1  X  V  ratio  of  low  to  blRh, 


Fig.  13. 


In  general  the  volumes  for  triple  expansion  are  of  about  the 
following  ratios,  1  representing  the  volume  of  the  high  pressure 
cylinder : 

1:  2.25  to  2.75:  5  to  8. 

For  ([uadruple-expansion  engines  the  ratios  are  as  follows : 
1:2  to  2.33:  4  to  5 :  7  to  12. 

High  Speed  Engines.  Of  late  years  there  has  been  a  demand 
for  engines  of  higlier  speeds  than  were  formerly  useil.  It  was  found 
desirable  to  run  dynamo-electric  machines  by  connecting  them 
directly  to  the  shaft  of  the  engine  rather  than  by  belts  as  before. 
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more  carefully  proportioned  to  maintain  balance.  Bearings  must 
be  made  very  much  larger  to  reduce  the  pressure  in  order  that  the 
friction  may  not  be  excessive  and  cause  heating.  Special  cai-e  is 
necessary  that  bearings  should  be  tight,  since  the  least  looseness 
will  cause  knocking  and  hammering  until  the  bearing  is  ruined. 
Parts  must  be  as  simple  as  possible  and  so  arranged  as  to  need  the 
least  possible  attention.  In  slow-speed  engines  the  engineer  can 
watch  the  oil  cups  and  oil  any  part  while  it  is  running.  But  this 
is  impossible  in  high-speed  engines,  and  special  means  must  be 
used  to  insure  plenty  of  oil  to  the  bearings  and  the  cylinder. 

These  peculiarities  of  high-speed  engines  may  be  easily  seen 
in  any  engine  for  electric  lighting,  for  running  fans,  etc.  It  is 
also  necessary  that  the  speed  of  engines  for  running  electric 
generators  should  be  very  steady,  as  the  slightest  change  in  the 
speed  make  the  lights  flicker.  The  fly  wheels  are,  therefore,  larger 
or  heavier  than  for  other  types  and  the  governors  are  made 
specially  sensitive.  Fig.  16  shows  a  horizontal  high-sj^eed  engine 
with  the  working  parts  encased.  Fig.  17  shows  a  vei-tical  high 
speed. 

For  any  double-acting  engine,  that  is,  for  any  engine  in  which 
the  steam  acts  firat  on  one  side  and  then  on  the  other  side  of  the 
piston,  the  piston  first  pushes  and  then  pulls  on  the  connecting  rod 
and  crank.  At  each  half  revolution  of  the  crank  the  direction  of 
the  pressure  reverses.  It  is  this  change  of  pressure  which  causes 
the  p  junding  if  the  bearings  are  at  all  loose.  This  is  one  of  the 
greaf^st  troubles  with  high-speed  engines.  In  order  to  avoid  these 
rapid  reversals  in  pressure,  Bingle-acting  vertical  engines  are  used 
to  a  considerable  extent.  In  such  engines  the  steam  is  admitted 
only  to  tha  head  end  of  the  cylinder.  The  other  end 
stands  open.  The  connecting  rod  is  in  compression  throughout 
the  whole  revolution  instead  of  being  first  in  compression  and  then 
in  tension.  Besides  insuring  that  the  piston  shall  always  push, 
this  aiTangement  simplifies  the  valves. 

There  are  several  good  single-acting,  high-speed  engines. 
One  of  the  earliest  made  was  introduced  by  Brotherhood.  He 
used  three  cylinders,  set  around  the  shaft  120°  apart.  Another 
well-known  example  is  the  Willans  "central  valve"  engine. 
These  are  both  English  engines.     A  well-known  American  engine 


81 


THE     STEAM     ENGINE.  25 

very  important  in  many  cases  such  as  in  crowded  engine  rooms 
of  cities  where  land  is  expensive,  and  as  there  are  a  number  of 
ad  van  tiiges  which  vertical  engines  have  over  horizontal,  they  are 
coming  largely  into  use  in  stationary  practice. 

A  second  advantage  of  the  vertical  over  the  horizontal 
engine  is  the  reduction  of  cylinder  friction  and  imequal  wear  in 
the  cylinder  of  the  latter.  In  the  horizontal  engine  the  piston  is 
generally  supported  by  resting  on  the  cylinder,  which  is  gradually 
worn  until  it  is  no  longer  round.  This  causes  leakage  of  steam 
from  one  side  to  the  other.  Evidently  this  is  entirely  avoided  in 
the  vertical  engine. 

Still  another,  advantage  of  the  vertical  engine  is  the  greater 
ease  of  balancing  the  moving  parts  so  that  there  shall  be  no  jarring 
or  shaking.  It  is  impossible  to  perfectly  balance  a  steam  engine 
of  one  or  two  cylindei's.  If  it  is  balanced  so  that  there  is  no 
tendency  to  shake  sidewise,  it  will  shake  endwise ;  and  if  it  is 
balanced  endwise  it  will  shake  sidewise.  The  jarring  is  due  to 
the  back  and  forth  motion  of  the  reciprocating  parts  and  the 
centrifugal  force  of  the  crank  and  connecting  rod.  The  crank 
can  be  readily  balanced  by  making  it  extend  as  far  on  one  side  of 
the  shaft  as  it  does  on  the  other,  but  the  pistcm  and  connecting 
rod  are  more  difficult  to  balance.  We  can  greatly  reduce  the 
effect  of  jarring  if  we  balance  the  crank  and  make  the  end- 
wise throw  come  m  line  with  the  foundation,  which  should  }je 
heavy  enough  to  absorb  the  vibration  transmitted.  In  a  horizontal 
engine  this  endwise  throw  not  being  in  line  with  the  foundation 
will  cause  vibration  in  the  engine  itself. 

In  machines  that  can  be  anchored  down  to  a  massive  founda- 
tion a  state  of  defective  balance  only  results  in  straining  the  parts 
and  causing  needless  wear  and  friction  at  the  crank-shaft  bearings 
and  elsewhere,  and  in  communicating  some  tremor  to  the  ground. 
The  problem  of  balancing  is  of  much  more  consequence  in  loco- 
motive and  marine  engines. 

To  sum  up  the  general  advantages  of  vertical  engines :  they 
have  less  cylinder  wear,  they  take  up  less  floor  space,  and  they 
can  be  better  balanced.  In  addition  to  these  there  are  certain 
advantages  which  vertical  engines  have  for  certain  kinds  of  work. 

The   disadvantages  of  vertical  engines  are  as  follows:  The 
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I  the  crank-pin  is  greater  during  the  down  stroke 
than  during  tlie  up  stroke  because,  during  the  down  stroke  the 
weight  of  the  reciprocating  parts  ia  added  to  the  steam  pressure, 
and  during  the  up  stroke  this  weight  is  suhtracted. 


TT 


Another  difficulty  is  that  in  large  engines  tlie  various  parts  are 
on  such  different  levels  that  tliey  require  considerable  climbing. 
This  requii-es  mure  attendants  and  is  sometimes  the  cause  for  neglect 
of  the  engine. 
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The  foundations  for  vertical  engines  generally  need  to  be 
deeper  than  those  for  horizontal  engines.  At  the  same  time,  how- 
ever, they  need  not  be  as  broad. 

Marine  Engines,  The  first  steam  vessels  were  fitted  with 
paddle-wheels,  and  as  beam  engines  were  the  most  common,  this 
form  of  engine  was  used.  Its  construction,  however,  was  some- 
what modified  for  this  service.  This  arrangement  of  beam  engine 
and  paddle-wheel  was  used  for  many  years  and  was  applied  to 
ocean  vessels  as  well  as  to  small  river  boats.  It  is  still  used, 
especially  in  this  country,  on  river  steamers  and  some  coast 
steamers.  The  beam  is  supported  by  large  A  frames  on  the 
deck,  and  the  engines  are  about  on  a  level  with  the  shaft. 

Engines  of  this  type  take  up  ratlier  more  room  than  those 
now  in  common  use,  partly  because  of  great  size,  and  also  be- 
cause of  the  shaft  and  paddle-wheels.  Another  disadvantage 
is  that  in  heavy  weather,  when  one  paddle-wheel  is  thrown  out 
of  water  the  other  is  deeply  immei-sed  and  takes  all  the  strain, 
so  that  there  is  a  tendency  to  rack  the  boat.  Then  again  if  the 
boat  is  loaded  heavily  the  paddle-blades  are  veiy  deeply  immersed 
while  if  light  they  barely  touch  the  water.  It  is  hard  to  handle 
the  engines  satisfactorily  under  both  conditions. 

The  introduction  of  the  screw  propeller  overcame  these  diffi- 
culties very  largely  and  at  the  same  time  required  a  much  faster 
running  engine.  At  first,  the  increased  speed  was  supplied  by  the 
use  of  spur-wheel  gearing,  but  gradually  higher  speed  engines  were 
built  and  connected  directly  to  the  propeller  shaft.  It  was,  of 
coui-se,  difficult  with  small  width  at  each  side  of  the  shaft  to  use 
horizontal  engines,  therefore  various  arrangements  of  inclined 
engines  were  used  before  the  vertical  engine  was  finally  chosen 
by  all  as  the  standard  form  for  marine  work.  It  4s  only  in  recent 
years  that  the  vertical  engine  has  become  general  in  naval  work 
and  in  merchant  steamers. 

In  merchant  ocean  steamers  the  common  form  has  three 
cylinders  set  in  line,  fore  and  aft,  above  the  shaft.  The  cmnks  are 
120°  apart,  to  give  a  very  even  turning  moment.  The  three 
cylinders  are  worked  triple  expansion.  The  valves  are  usually 
piston  valves  on  the  high  and  intermediate,  and  double  ported 
slide  valves  on  the  low.     Sometimes  piston  valves  are  used  on  all 
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the  cylinders.  Plain  slide  valves  are  not  suitable  for  high- 
pressure  work  of  any  kind. 

For  engines  on  ocean  vessels  it  is  necessary  to  use  surface 
condensers  in  order  that  the  same  water  may  be  used  over  and 
over  again.  If  it  were  necessary  to  take  in  sea- water  for  the 
boilers  they  would  soon  become  clogged  with  the  salt  and  require 
cleaning.  Surface  condensers  for  marine  work  are  generally  made 
up  of  a  large  number  of  brass  tubes  of  from  ^  inch  to  1  inch  in 
diameter.  In  some  cases  tlie  cold  water  is  forced  to  flow  through 
the  tubes  while  the  steam  comes  in  contact  with  the  outside  of  the 
tubes. 

In  any  marine  phiiit  there  are  four  special  pumps.  The  first 
is  the  air  pump  for  the  condenser.  This  is  usually  made  large 
so  that  in  case  there  is  a  leak  in  the  condenser  it  can  take 
charge  of  the  water  even  if  it  becomes  necessary  to  run  as  a  jet 
instead  of  a  surface  condenser.  The*  second  is  the  feed  pump  for 
the  boilers.  The  third  is  tlie  circulating  pum[),  which  forces  the 
current  of  cold  water  througli  the  condenser.  The  last  is  the  bilge 
pump,  which  i)Uinps  out  water  that  gathers  in  the  bilge  of  the 
ship  by  leakage  or  otherwise.  In  case  of  a  serious  leak  all  the 
pumps  can  be  made  to  pump  from  the  bilges.  In  some  old  types 
all  these  pumps  were  worked  from  the  main  engine  ;  generally, 
however,  the  feed  i)ump  and  the  circulating  pump  are  separate, 
as  also  the  bilge  pump.  The  circulating  pump  is,  in  many  modern 
engine  rooms,  of  the  centrifugal  ty[)e. 

Locomotive  Etu/uics,  Of  all  steam  engines  the  most  ineffi- 
cient is  the  steam  locomotive.  In  the  lii^t  place,  the  boiler  must 
Ih3  forced  so  hard  that  the  products  of  combustion  pass  off  at  a 
very  liigli  temperature  and  consequently  carry  away  a  great  deal 
of  lieat.  Hits  of  entirely  unburned  or  partially  burned  coal 
are  drawn  through  and  wiu^ted. 

In  the  sei'oiul  j)lace,  the  lK)iler  is  exposed  to  great  loss  of  heat 
by  radiation.  Although  its  surface  is  lagged,  it  cannot  be  very 
effectively  covered,  and  the  wind  takes  away  a  great  deal  of  heat. 

Mechanically  also  the  locomotive  is  very  imperfect.  In  most 
goixl  steam  engines  the  ethciency,  that  is  to  say,  the  ratio  of  the 
t^ffVctive  hontC'potccr  to  the  developed  horse -power  is  fully  ^  or  90 
per  cent.     In  the  locomotive  this  ratio  was  shoA\ni  to  be  about   43 
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per  cent  by  two  independent  tests.  This  is  in  part  due  to  the 
speciid  difficulties  in  locomotive  construction,  but  the  principal 
losses  are  those  caused  by  radiation  and  the  escape  of  heat  from 
the  stack. 

As  to  locomotive  boilers,  Mr.  Forney  says,  "  The  weight  and 
dimeiLsions  of  locomotive  boilers  are  in  nearly  all  cases  determined 
by  the  limits  of  weight  and  space  to  which  they  are  necessarily 
conlined."  It  may  be  stated  generally  that  within  these  limits  a 
locomotive  boiler  cannot  "be  made  too  large.  In  other  words, 
boilers  for  locomotives  should  always  be  made  as  large  as  possible 
under  the  conditions  that  determine  the  weight  and  dimensions  of 
the  locomotives. 

There  are  certain  types  of  locomotives  common  in  American 
practice  which  have  special  names.  The  eight-wheel  or  '^  Ameri- 
can "passenger  type  of  locomotive  has  four  coupled  driving-wheels 
and  a  four-wheeled  truck  in  front.  The  "ten-wheel"  ty|>e  has 
six  coupled  drivers  and  a  leading  four-wheel  truck.  This  type  is 
used  for  both  freight  and  passenger  sei-vice.  The  'Ologul  "  type 
is  used  altogether  for  freight  service ;  it  has  six  coupled  drivers 
and  a  two-wheel  or  pony  truck  in  front.  The  "Consolidation" 
type  is  used  for  heavy  freight  sei*vice.  It  has  eight  coupled 
driving-wheels  and  a  pony  truck  in  front.  There  are  also  a  great 
many  special  types  for  special  purposes.  In  switch-yards  a  type 
of  engine  is  used  which  has  four  or  six  drivers  with  no  truck. 
The  Forney  type  has  four  coupled  driving-wheels  under  the 
engine  and  a  four-wheel  truck  carrying  the  water-tank  and  fuel. 
This  type  is  used  on  elevated  roads  largely.  "  Decapod  "  engines 
are  a  type  used  for  heavy  freight  service,  having  ten  coupled 
driving-wheels  and  a  two-wheel  truck  in  front.  A  tank  engine 
is  one  which  carries  the  feed  water  in  tanks  on  the  engine  itself 
instead  of  in  the  tender,  as  in  other  engines.  The  various  different 
forms  are  too  numerous  even  to  name. 

There  has  been  some  effort  made  to  introduce  compounding 
in  locomotive  practice.  It  has  in  some  cases  been  very  successful, 
especially  for  express  trains.  A  committee  of  the  American 
Railway  Master  Mechanics  Association  says  of  compounding : 

"  (a)     It  has  achieved  a  saving  in  the  fuel  burnt,  averaging 
18  per  cent  at  reasonable  boiler  pressures. 
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(i)     It  has  lessened  the  amount  of  water  to  be  handle. 

((?)     The  tender  can,  therefore,  be  reduced  in  size  and  weight. 

(d)  It  has  increased  tlie  possibilities  of  speed  beyond  sixty 
miles  per  hour,  without  unduly  straining  the  engine. 

(e)  It  has  increased  the  haulage  power  at  full  speed. 

(f^  In  some  classes  of  engines  it  has  increased  the  starting 
power. 

(jg)  It  has  lessened  the  valve  friction  per  horee-power 
developed." 

A  number  of  other  reasons  are  given  in  their  report. 

In  opposition  to  this  may  be  mentioned  the  extra  first  cost  of 
the  engine  and  the  cost  of  maintaining  a  more  complicated 
machine.  It  is  much  more  work  to  keep  it  in  repair  and  many 
engineers  are  of  the  opinion  that  the  saving  in  fuel  is  only  sufficient 
to  oflfset  these  extra  expenses.  If  the  engine  is  running  under 
steady  load,  the  compounding  will  effect  a  great  saving ;  but  in 
many  parts  of  the  country  tlie  load  varies  constantly,  due  to 
grades  in  the  road. 

We  shall  learn  later  that  a  compound  engine  cannot  work 
efficiently  under  light  load.  If  the  giades  are  first  up  and  then 
down,  the  simple  engine  is  the  more  economical.  For  a  steady  up- 
grade the  compound  is  more  economical,  as  it  can  be  run  steadily 
under  full  load.  This  is  especially  true  in  mountain  districts, 
where  the  long  up-grades  and  scarcity  of  fuel  and  water  make 
ideal  conditions  for  compound  locomotives.  Through  freight  ser- 
vice probably  offers  the  widest  field  for  success  with  these  engines. 

It  has  already  been  said  that  it  is  difficult  to  balance  an 
engine  completely.  This  defect  is  very  much  greater  in  locomo- 
tives than  in  stationary  engines.  Lack  of  bivlance  in  a  locomotive 
results  in  serious  pounding  of  the  track.  Also  there  is  danger  of 
flattening  and  breaking  the  wheels,  and  the  rails  may  be  seriously 
damaged. 

Pumping  Engines.  The  first  steam  engines  built  were 
pumping  engines  and  today  the  most  economical  engines  are 
those  built  for  this  work. 

In  pumping  engines  it  is  not  absolutely  necessary  to  have  a 
revolving  shaft.  All  that  is  required  is  that  the  piston  in  the 
pump  cylinder  shall  be  diiven  back  and  forth  with  a  plain  recipro- 
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eating  motio)!  wliioh  in&y  t>e  exactly  like  tlmt  of  the  Bteiiiii  piston. 
For  tliis  reason,  in  eurly  (mmping  engines  and  also  in  mimy  modeni 
engines,  die  reeipjtwating  motion  of  tiie  stt-ain  piston  is  applied 
diwctly,  or  through  a  Iteani,  to  piwlure  the  reciprocating  inotiou 
of  the  pump  piston  or  plunger  witlnmt  the  use  of  any  revolving 
part.  Frequently,  however,  it  is  desirahlo  to  uae  a  fly  wheel  so 
that  the  steam  may  be  iiseil  expansively,  and  in  tht-se  cases,  of 
conrse,  a  revolving  shaft  must  be  used.  Fig.  19  bIiowb  a  power 
pump. 

For  deep-well  or 
niine  pumping,  the 
cyhndera  are  often  set 
in  a  vertical  position 
directly  over  tliepump 
cylinder.  Thepislim 
rod  extends  from  tlie 
steam  cylinderdirect- 
ly  lielow  to  the  pnnip 
plunger.  Sonieti  ines 
it  is  jwreaible  to  use 
steam  expansively  in 
these  pmnpa  by  rt-a- 
iion  of  the  weiglit  nf 
the  reciprocating' 
parts.  When  t  \\i- 
weight  is  snlliLi.-nt, 
the  steam  can  he  I'ul  ,  ,,    |,, 

off  before  the  erul  of 

the  stroke  and  tlie  momentum  of  the  parts  will  lie  enough  to  just 
finish  the  stroke,  consequently  these  puinps  are  sonietimea 
compounded.  They  are  po.'isible  only  in  pumping  from  very  deep 
wells. 

Direct^etinff  Steam  Pumps.  Fly  wheel  puinps  have  one  dis- 
advautage,  if  run  too  slowly  tlie  momentum  of  the  fly  wheel  is 
not  sufficient  to  curry  it  by  the  dead  centers ;  if  run  too  fast  the 
flv  whe«l  is  in  danger  of  bursting.  A  fly-wheel  pump  can  be 
made  to  discharge  a  aniall  amount  of  water  by  means  of  a  hy- 
pttea  valve,  but  of  course  it  then  runs  at  u  disadvantage. 
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The  direct-acting  steam  pump  shown  in  Fig.  20  hna  the 
8team  piston  at  one  end  of  a  rod  and  tlie  water  pi-stou  at  the  othei' 
end.  The  steam  pressure  acta  directly  on  tlie  piston ;  no  fly 
wheel  is  used,  and  since  the  reciprocating  parts  are  comparatively 
light,  and  there  is  no  revolving  mass  to  carry  by  the  dead  points,  it  is 
evident  that  in  the  oi-dinary  form  there  can  be  no  expansion  of 
steam.  The  pump  is  inexpensive  and  gives  a  positive  aotioii. 
It  uses  a  great  quantity  of  steam  relatively,  but  for  small  work 
the  altsoliite  amount  is  not  very  great.  Even  in  hti^er  engines 
the  lighter  foundations  that  are  jwssilile  and  tlie  slight  fii-st  cost 
are  frequently  conti-olling  features. 


A  rocker  or  bell-crank  lever  on  the  piston  rod  moves  the 
Htcam  valve  and  admits  steam  to  the  other  side  of  the  piston  while 
opening  the  first  side  to  exhaust.  In  large  pumps  of  this  kind, 
and  Kvv.n  in  some  small  ones,  this  motion  merely  admits  steam  to 
a  Hniull  auxiliary  piston  whicli  then  moves  the  main  steam  valve 
by  steam  jiressure.  Some  pnnips  operate  the  steam  valve  by 
ineans  of  a  ta]iptt  instead  of  a  rocker  and  bell-crank  lever. 

There  have  been  various  deviios  tried  for  using  steam  expan- 
sively in  tiiese  direct-acting  pumps  without  the  use  of  a  fly-wheel. 
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Tn  order  to  do  tlii»  it  is  necessni-y  to  provide  some  int'aiis  of  storing 
energy  during  tlie  early  pint  of  the  stroke  niid  returniiifj  it  dining 
the  latter  part,  wlieii,  owing  to  tlie  expansion,  the  preBsure  of  the 
steam  is  less.  One  Buch  device  is  as  follows:  a  crossbead  A^ 
( Pig.  21)  fixed  to  tlie  piston  rod  is  oonneoted  to  the  phtiigera  of  a 
pftir  of  oBcillnting  cylinders  B 
II.  wliicli  contain  wiiter  and 
ci>niinuniviite  with  a  reservoir 
full  of  !iir  conijiri'ssi'd  to  about 
:^00  pfjuiids  per  sqaui-e  incli. 
When  the  stroke  (which  tjikcs 
plaire  in  the  diiwtion  ni  the 
arrow)  Ijegins,  these  plungeiB 
are  first  foi-ccd  in,  and  hence 
work  is  at  fii^tdone  iin  the  main 
piston  lod,  through  the  com- 
pensating uylindei-s  It  B,  on  Fit;,  ^i' 
the      coinpriissod     air     in    the 

reserroir.  This  continues  until  the  crossheail  h:is  adviiiiccd  so 
that  tliB  oscillating  cyUnders  stand  at  right  angles  to  the  line  of 
stroke.     Then  for  the  remainder   of   the   stroke   their   plungers 
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The  Duplex  steam  pvmp  consists  simply  of  two  direct-acting 
steam  pumps  placed  side  by  side,  as  Bhown  in  Fig.  22.  On  the 
piston  rod  on  one  side  is  a  bell-crank  lever  which  operat«8  the  valve 
of  the  other  pump.  On  the  further  piston  rod  is  a  rocker  arm  which 
moves  the  valves  of  the  first  pump.  There  must  be  a  rocker  on 
one  siih!  and  a  bell-crank  lever  on  the  other  because  of  the  illative 
motion  of  the  valves  and  j>istoiis.  The  first  piston,  as  it  goes  tor- 
wiinl,  miust  use  a  rocker  because  it  draws  the  second  valve  back. 
The  second  piston,  as  it  goes  buck,  must  use  a  bell-crank  lever 
because  it  must  imsh  the  first  valve  b;ick  in  the  same  dii'ection  as 
iUt  own  motion.  The  two  pistons  are  made  to  work  a  half-stroke 
tt[»irt.     Thus   one    begins   its  stroke   when   Uie  otlier  is  in  the 


middle.  In  this  way  a  sti'udier  flow  of  water  is  obtained,  for 
Ixitli  pnniprt  discharge  into  the  same  delivery  pipe.  The  pumps 
may  be  made  I'omiHinnd.  A  sectional  view  of  the  pump  is  shown 
in  Vif.  23. 

Corliin'  Kiii/liict,  In  huge  engines  a  common  way  of  regu- 
lating the  steam  supiily  is  by  changing  automatically  the  point  in 
thf  stroke  of  the  piston  at  which  the  steam  is  cut  off.  This  is 
fiv<iuently  aivoniplished  by  using  some  trip  gear  similar  to  the  one 
first  inliiidnciHl  by  Geo.  Corliss.  These  gears  ai-e  called  Corliss 
goiim.  In  (ho  Corliss  gear  there  ia  a  separate  admisBion  valve 
and  a  S('|utr»li'  ixhaust  valve  for  each  end  of  the  cylinder,  as 
hIiowu  in  Ki}!.  ^t.     The  exhaust  valvfs  are  opened  and  closed  by 
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the  motion  of  rods  or  cranks  connected  to  them.  The  admission 
valves  are  opened  in  the  same  way,  but  they  snap  shut  hy  them- 
selves when  the  piston  has  reached  a  certain  point  of  its  stroke. 
This  point  will  vary  with  the  position  of  the  governor,  which  in 
turn  depends  on  the  speed  of  the  engine.  These  Corliss  engines 
cannot  he  nut  at  high  speed  because  tlie  trip  gear  requires  some 
time  to  act. 

The  valves  of  Corliss  engines  tarn  in  hollow  cylindrical  seats 
wliich  extend  across  the  cylinders.     A  wrist  plate  wliich  turns  on 


Fig.  24. 


a  pin  on  the  outside  of  the  cylinder  receives  a  motion  of  oHcillation 
from  an  eccentric  and  opens  the  valves  by  means  uf  the  rod  con- 
nections. When  the  piston  has  reached  a  point  where  the  steam 
should  be  cut  off,  the  trip  gear  is  held  in  sucli  a  position  hy  tlie 
governor  that  it  releases  the  vitlve,  which  now  sprinji^  shut  under 
the  action  of  the  dash-pot.  The  admission  valvo  to  the  other 
side  of  the  cylinder  is  controlled  in  exactly  the  sanu;  way. 

The  admission  valves  are  generally  placed  at  the  top  and  the 
exhaust  valves  at  the  bottom  of  the  cylinder.  Any  water  which 
may  be  formed  by  steam  condensing  can  rea<lily  drain  off  by  this 
arrangement.  There  are  a  great  many  modifioatiuns  of  the  Cor- 
liss gear.     Fig.  25  is  a  Hanis  Corliss  Engine. 

Th«  advantage  of  the  Corliss  gear  is  the  great  range  through 
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which  the  cut-oflE  can  be  varied,  from  very  early  to  very  late  in 
ihe  stroke.  Another  great  advantage  is  the  quick  action  which 
reduces  wire-drawing.  To  undei-stand  fully  the  loss  caused  by 
wire-drawing  requires  a  knowledge  of  higher  mathematics. 

CONDENSERS. 

When  low-pressure  steam  is  cooled  it  gives  up  its  latent  heat; 
that  is,  it  changes  from  a  vapor  to  a  liquid.  We  know  that  a 
liquid  occupies  much  less  space  than  an  equal  weight  of  vapor; 
hence,  by  changing  the  steam  to  water  the  pressure  is  greatly 
reduced.  By  cooling  the  steam  in  the  cylinder  in  front  of  the 
pist'.n  the  back  pressure,  or  resistance,  is  decreased.  Tliis  reduces 
the  pressure  necessary  to  push  the  piston  through  the  stroke, 
therefore  less  steam  is  required  to  do  the  work.  This  coolmg  is 
accomplished  by  some  form  of  condenser. 

There  are  two  types  of  condensers,  surface  and  jet.  A  sur- 
face condenser  is  one  in  which  the  steam  passes  through  pipes 
surrounded  by  water  or  the  water  flows  through  pipes  surrounded 
by  steam.  In  the  jet  condenser  the  steam  is  condensed  by  coming 
in  contact  with  cold  water,  which  entei-s  as  spray.  In  both  types 
the  steam  is  condensed  to  water  and  a  partial  vacuum  is  formed, 
because  water  occupies  much  less  space  than  does  an  equal  weight 
of  steam.  If  it  were  not  for  the  air  in  the  entering  steam  there 
would  be  an  almost  perfect  vacuum.  For  this  reason  every  con- 
denser is  fitted  with  an  air  pump  to  remove  this  air  and  the 
condensed  steam. 

Surface  Condenser %.  The  condenser  sliown  in  section  in 
Fig.  26  is  a  common  form  of  the  surface  type,  in  wliich  the 
air  pump  and  circulating  pump  are  both  direct  acting  and  are 
operated  by  the  same  steam  cylinder.  The  cold  condensing  water 
is  drawn  from  the  supply  into  the  circulating  or  water  pump. 
This  pump  forces  the  water  up  through  the  valves  and  water  inlet 
to  the  condenser.  It  flows,  as  indicated  by  the  arrows,  through 
the  inner  tubes  of  the  lower  section,  then  back  through  tlie  space 
between  the  inner  and  outer  tubes.  The  water  then  passes  up- 
ward and  through  the  upper  section,  as  it  did  in  the  lower.  It 
then  passes  out  of  the  condenser  through  the  water  outlet,  taking 
with  it  ihe  heat  it  has  received  from  the  steam. 
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The  oxliaust  steam  from  the  en^ne  enters  at  the  exhanst 
i ) lit) t  II 1 1(1  coiiiuaiti  contact  with  the  peiiorated  plate,  which  scatter 
it  iinionj;  tlio  tiibfs  This  method  protects  the  upper  tubing  from 
thi)flTi.(t  of  direct  contict  with  the  exhaust  steam  The  steam 
f)X{iiLitcIiii(r  HI  the  couih  user  comes  in  contact  with  the  cool  tube), 


tlii'(>ii>;h  whivli  coM  wjitiT  is  cii-cuhitiiiy,  siiid  condenses.  The  air 
pmiip  driiwa  the  uir  iiml  cmnh-nscil  steiim  out  of  tlie  condenser 
and  thus  maintains  a  pLirtial  vitcuiim.  Th!»  causes  the  exliauat 
(iteam  in  the  engino  cylinder  to  W   drawn  into   the  condenser. 
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The  condensed  exhaust  steam  collects  at  the  bottom  of  the  con- 
denser, is  di-awn  into  the  air  pump  cylinder  and  is  discharged 
while  heated  to  the  hot  well  of  the  boiler.  The  use  of  this  hot  water 
as  feed  water  is  a  considerable  saving ;  but  the  great  advantage 
of  the  condenser  is  the  reduction  in  back  pressure. 

Hot  water  cannot  be  used  by  an  oi-dinary  pump  as  well  as 
cold  water  because  of  the  pressure  of  the  vapor  which  arises  from 
the  hot  water.  In  the  condenser  shown,  the  water  and  air  pumps 
aie  run  by  the  piston  in  the  steam  cylinder.  Sometimes  these 
pumps  arc  connected  to  the  main  engine  and  receive  motion  from 
the  shaft  or  cros:>heacl. 


Fig.  27. 

The  genend  arrangement  of  the  surface  condenser  with  the 
necessary  pumps  is  shown  in  Fig.  27.  The  cooling  water  enters 
through  the  pipe  K,  and  flows  to  the  circulating  pump  R,  which 
forces  the  water  into  the  condenser  through  the  pipe  L.  In  case 
the  water  enters  the  condenser  under  pressure  from  city  mains  no 
circulating  pump  is  necessary.  After  flowing  tlirough  the  tubes  it 
leaves  the  condenser  by  means  of  the  exit  M,  and  flows  away. 
Exhaust  steam  enters  at  S,  and  is  condensed  by  coming  in  contact 
with  the  cold  tubes ;  the  water  (condensed  steam)  then  falls  to 
the  bottom  of  the  condenser  and  flows  to  the  air  pump  B  by  the 
pipe  E.  The  air  pump  removes  the  air,  vapor  and  condensed 
steam  from  the  condenser  and  forces  it  through  the  pipe  N  into 
the  hot  well,  from  which  it  goes  to  the  boilers  or  to  the  feed  tank. 
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The  circulating  puin|j,  wlieii  separate  from  the  condenser,  is 
usually  of  tlie  centrifugal  type.  Tliis  pump  consists  of  a  fan  or 
wheel  which  is  made  up  of  a  centml  web  or  hub,  and  arms  or 
vanes.  This  pump  is  shown  in  Fig.  28.  Tiie  vanes  aie  cuiTcd, 
and  as  the  water  is  drawn  in  at  the  central  part  the  vanes  throw 
it  off  at  the  circumference.  A  suitable  casing  directs  the  flow. 
This  tyi>e  of  pump  is  advantageous  because  there  are  no  valves 
to  get  out  of  order,  aud  as  tlie  lift  is  little,  if  any,  the  pump  will 
dischai'ge  a  large  volume  of  water  in  a  nearly  constant  stream. 
The  circulating  pump  is  usually  so  placed  that  tlie  water  flows  to 
it  under  a  slight  head.  'I'hc  pump  is  driven  by  an  inilei)eiident 
engine  so  that  tliecii-culating  water  may  cool  the  condenser  even  it 
the  main  engine  is  not  woiking. 
The  centrifugal  i)um[i  works 
more  smoothly  and  with  less 
trouble  than  an  ordiiiaiy  force 
pump,  because  it  is  not  recipro- 
cating and  it  has  no  valves. 

Jet  OoHden»er».  Fig.  29 
shows  the  longitudinal  section  of 
an  independent  jet  con<l(;tisei 
with  the  pump.  The  cold  water 
used  to  condense  tlie  slciiin 
enteis  at  A,  passes  down  llic 
siu-ay  pipe  B,  and  is  broken  into  fl".  28. 

a  fine  spray  by  means  of  the  sjiray 

cone  C.  This  action  insures  a  rapid  and  thorough  mixing  of 
the  steam  and  water  and  consequently  a  r.ipid  C{>n<Iensation. 
The  exhaust  steam  enters  at  D,  with  a  eomparativelj  high  velocity, 
which  is  imparted  to  the  water.  The  whole  mixture  of  wafer, 
steam  and  vapin-  pas.-ics  at  high  vidncity  through  the  conical 
charnltci'  E  to  the  pump  cylinder  F.  The  pump  forces  this  water 
to  the  pipe  G.  The  spray  cone  is  adjusted  by  the  stem  which 
IWBses  through  the  stuiKng  Iwx  at  the  top  of  the  condenser.  The 
valves  are  shown  at  H  and  K.  The  steam  end  of  the  pump  is  at 
L.     Afotion  of  the  valve  is  produced  hy  tlie  rocker  arm  J. 

In  Fig.  30  a  jet  condenser  is  shown  connected  to  a  stationary 
engine  and  boiler.  The  exhaust  pijie  leads  from  the  engine  to  the 
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condenser,  tlie  arrows  indicating  the  direction  of  flow.  Cold  water 
enters  the  condenser  through  a  pipe  connected  to  tlie  well.  Part 
of  the  mixture  of  exliaust  steam  and  condensed  water  goe«  to  the 
feed-water  lieater,  which  is  kept  nearly  full ;  llie  rest  pa-sses  to  the 
sewer.  The  lieater  is  placed  a  little  above  the  feed  puin]),  so  that 
the  water  will  enter  the  pump  under  a  slight  head,  because  the 
piinip  cannot  raise  water  warmed  by  exliaiist  steiim  as  readily  a» 
cold  water. 

The  Burfaee  condenser  is  used 
almost  universally  in  marine  practice. 
Its  first  cost  is  more  than  that  of  the  jet 
condenser  and  it  requires  more  condens- 
ing water,  but  it  allows  only  the  con- 
densed steam  to  return  to  the  boiler. 
It  in  also  used  in  stationary  wcrk  when 
the  coudenaing  water  w  very  imimie. 
The  jet  condenser  is  not  adapted  for 
marine  work,  ns  it  pumjM  bolli  the 
condensing  water  and  the  condensed 
steam  to  the  hot  well.  Hence,  if  salt 
water  or  water  containing  lime  is  used, 
it  will  enter  the  boiler  and  form 
iiiicnt  and  scale.      Tliis    type    is   used 


Fig.  30. 
where    fresh    and   moderately   pure   water     in   available. 

It  has  been  mentioned  before  that  Watt  always  condensed 
the  exhaust  steam  from  his  engines,  and  that  when  higher  pres- 
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sures  came  into  use  some  makers  let  the  steam  discharge  into  the 
atmosphere.  This  leads  to  the  distinction  between  condensing 
and  noncondensing  engines.  Both  types  are  in  common  use,  but 
the  condensing  engines  are  much  more  economical  than  the  non- 
condensing,  as  far  as  fuel  is  concerned ;  but  to  condense  the  steam, 
considerable  water  is  necessary,  and  condensing  engines  cost  more 
and  require  more  care.  Consequently  in  some  cases  it  is  quite 
as  economical,  all  things  considered,  to  use  the  noncondensing 
engine. 

COOLING  TOWERS. 

It  sometimes  happens  that  it  is  impossible  to  place  a  steam 
plant  in  close  proximity  to  a  natural  water  supply.  In  such  cases 
the  water  necessary  for  the  condenser  (the  circulating  water)  is 
expensive,  and  if  the  cost  is  very  great  it  does  not  pay  to  add  the 
condenser,  because  the  cost  of  the  circulating  water  might  more 
than  offset  the  gain  from  condensing.  If,  however,  some  means 
could  be  provided  whereby  the  circulating  water  as  it  issues  from 
the  condenser  could  be  cooled  and  then  used  over  again  in  the 
condenser,  the  noncondensing  engine  could  then  be  run  con- 
densing; thus  taking  advantage  of  all  the  benefits  due  to  the  use 
of  reduced  back  pressure  and  heating  of  the  feed  water.  This  lias 
been  attempted  by  conducting  the  heated  discharge  water  to  a 
I)ond,  where  it  is  allowed  to  cool  to  a  lower  temperature  before 
being  used  again.  Another  plan  is  to  place  in  the  yard  or  on  the 
roof  of  the  building  large  shallow  pans,  in  which  the  water  is 
cooled  by  being  exposed  to  the  atmosphere.  These  methods  are 
unsatisfactory  on  account  of  the  considenible  area  necessary  and 
the  slow  action..  lu  addition  they  are  uncertain,  because  they  are 
dependent  upon  atmospheric  conditions. 

A  more  efficient  and  at  the  same  time  more  expensive  process 
is  to  use  a  cooling  tower  or  a  water  table.  Fig.  31  shows  the 
general  arrangement  of  a  cooling  tower  located  upon  the  roof  of  a 
building.  The  discharge  from  the  condenser  is  led,  as  shown  by 
the  arrows,  to  the  top  of  the  cooling  tower,  where  it  is  cooled 
before  being  returned  to  the  condenser.  This  cooling  is  effected 
by  distributing  the  water,  by  a  system  of  piping,  to  the  upper  edge 
of  a  series  of  mats  or  slats,  over  the  surface  of  which  the  water 
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flows  in  a  thin  film  to  a  reservoir  which  is  situated  in  the  bottom 
of  the  cooling  tower.  The  mats  partially  interrupt  the  flow,  and 
by  breaking  up  the  water  in  small  streams  cause  new  poitions  to 
be  exposed  to  the  cooling  effect  of  the  air  currents.  The  water 
from  the  reservoir  then  flows  downward  through  the  suction  pipe, 
and  is  pumped  by  the  circulating  pump  through  the  condenser. 
After  passing  through  the  condenser  and  absorbing  heat  fi-om  the 
exhaust  steam,  it  rises  through  the  discharge  pipe  and  commences 
the  circuit  over  again. 

The  tower  may  have  several  arrangements  and  be  made  of 
various  materials.  A  satisfactory  form  is  constructed  of  steel 
plates ;  within  the  tower  are  a  large  number  of  mats  of  steel  wire 
cloth  galvanized  after  weaving. 

To  assist  in  the  cooling  of  the  water,  tlie  air  is  often  made  to 
circulate  rapidly  by  means  of  a  fan,  which  forces  tlie  air  into  the 
lower  part  of  the  tower  and  upwards  among  the  mats.  This  fan 
is  usually  of  the  ordinary  type,  and  may  be  driven  by  an  electric 
motor,  a  line  of  shafting,  or  by  a  small  independent  engine. 

In  case  the  fan  is  not  used,  the  mats  are  arranged  so  that  they 
are  exposed  to  the  atmosphere,  as  shown  in  Fig.  32.  This  of 
coarse  necessitates  the  removal  of  the  steel  casing.  Usually  the 
fanless  tower  must  be  placed  at  the  top  of  a  high  building,  or  in 
some  position  where  the  currents  of  air  can  readily  circulate 
among  the  mats. 

With  an  efficient  type  of  cooling  tower  the  water  may  be 
reduced  from  30  to  50%  thus  allowing  a  vacuum  of  from  22  to  20 
inches.     This  will  of  course  greatly  increase  the  economy  of   the 
plant,  and  allow  the  heated  feed  water  to  be  returned  to  the  boiler 

The  water  table  is  usually  made  of  wooden  slats  placed  in 
the  ground  near  the  plant.  After  ti'ickling  over  the  slats  and 
becoming  cooled  by  the  air,  it  collects  in  the  bottom  of  the  reser- 
voir and  is  then  pumped  into  the  condenser. 

THE   FLY    WHEEL. 

It  is  evident  that  while  the  piston  can  push  the  crank  around 
daring  part  of  the  stroke,  and  pull  it  during  another  part,  iliere 
are  still  two  places  (called  dead  points)  at  the  ends  of  the  stroke, 
where  the  pressure  on  the  piston,  no  matter  how  great,  can  exert 
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no  turning  moment  on  the  shaft.  Therefore,  if  some  means  is 
not  provided  for  making  the  shaft  turn  past  these  points  without 
the  assistance  of  the  piston,  it  may.stop.  This  means  is  provided 
III  the  fly  wheel,  which  is  merely  a  heavy  wheel  placed  on  the 
shivft.  On  account  of  the  momentum  of  the  fly  wheel  it  cannot 
be  stopped  quickly,  and  therefore  carries  the  shaft  around  until 
the  piston  can  again  either  push  or  pull. 

If  a  long  period  be  considered,  the  mean  effort  and  the  mean 
resistance  must  be  equal;  but  during  this  period  there  are  ttMu- 
pomiy  changes  of  effort,  the  excesses  causing  increase  of  speed. 
To  moderate  these  fluctuations  several  methods  are  employed. 


Fig.  33. 


The  turning  moment  on  the  shaft  of  a  single  cylinder 
engine  varies,  first,  because  of  the  chancre  in  steam  pressure,  and 
second,  on  account  of  the  angularity  of  the  connecting  rod.  Before 
the  piston  reaches  mid-stroke  the  turning  moment  is  a  nuiximum, 
as  shown  by  the  curve,  (Fig.  33).  While  near  the  ends  of  the 
stroke  (the  dead  points)  the  turning  moment  diminishes  and 
finally  becomes  zero.  This,  of  course,  tends  to  cause  a  eorre- 
s{)onding  change  in  the  speed  of  rotation  of  the  shaft.  In  order 
to  have  this  speed  as  nearly  constant  as  possible,  and  to  give  a 
gi'cater  uniformity  of  driving  power,  the  engine  may  be  run  at  high 
speed.  By  this  means  the  inertia  of  the  revolving  i)arts,  such 
as  the  connecting  rod  and  crank,  causes  less  variation.  When 
the  work  to  be  done  is  steady  and  always  in  the  same  direction 
(as  in  most  factories),  a  heavy  fly  wheel  may  be  used. 

The  heavier  the  fly  wheel,  the  steadier  will  be  the  motion. 
It  is,  of  coarse,  desirable  in  all  factoiy  engines  to  have  steady 
motion,  bat  in  some  it  is  more  important  than  in  othere.    For 
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instance,  in  a  cotton  mill  it  is  absolutely  necessary  tliat  the  ma- 
chineiy  shall  move  with  almost  perfect  steadiness ;  consequently 
mill  engines  always  liave  very  large,  heavy  fly  wheels.  It  is  un- 
desirable to  use  larger  wheels  than  are  absolutely  necessary, 
because  of  the  cost  of  the  metal,  the  weight  on  the  bearings  and 
tlie  danger  from  bursting. 

If  the  turning  moment  which  is  exerted  on  the  shaft  from 
the  piston  could  be  made  moie  regular,  <and  if  dead  points  could 
be  avoided,  it  would  be  possible  to  get  a  steadier  motion  with  a 
much  smaller  fly  wlieel. 

If  the  engine  must  be  stopped  and  reversed  frequently,  it  is 
better  to  use  two  or  more  cylinders  connected  to  the  same  shaft. 
The  cranks  are  phiced  at  such  angles  that  when  one  is  exerting  its 
minimum  rotative  effort,  the  other  is  exerting  its  maximum  turn- 
ing moment ;  or,  when  one  is  at  a  dead  center,  the  other  is  exerting 
its  greatest  power.  These  two  cylinders  may  be  identically  the 
same,  as  is  the  case  with  most  hoisting  engines  and  with  many 
locomotives ;  or  tlie  engine  may  be  compound  or  triple  expansion. 

This  arrangement  is  also  used  on  engines,  for  mines,  collieries, 
and  for  hoisting  of  any  sort  where  ea.se  of  stopping,  stiirting 
and  reversing  are  necessary.  Simple  expansion  engines  with  their 
cranks  at  riglit  angles  are  said  to  be  coupled. 

The  governor  adjusts  the  power  of  the  engine  to  afty  large 
variation  of  the  resistance.  The  fly  wheel  has  a  duty  to  perform 
which  is  similar  to  that  of  the  governor.  It  is  designed  to  adjust 
the  effort  of  the  engine  to  sudden  changes  of  tlie  load  which  may 
occur  during  a  single  stroke.  It  also  equalizes  the  variation  in 
rotative  effort  on  the  crank  pin.  The  fly  wheel  absorbs  energy 
while  the  turning  moment  is  in  excess  of  the  resistance  and  restorfss 
it  while  the  crank  is  at  or  near  the  dead  points.  During  these 
periods  the  lesistance  is  in  excess  of  the  power. 

The  action  of  the  fly  wheel  may  be  represented  as  in  Figs.  33 
and  34.  It  will  be  noticed  that  in  Fig.  33  the  curve  of  crank 
effort  runs  below  the  axis  toward  the  end  of  the  stroke.  This  is 
because  the  compression  is  greater  than  the  pressure  near  the  end 
of  expansion,  and  produces  a  resultant  pressure  on  the  piston. 
In  Fig.  34  the  effect  of  compression  has  been  neglected.  Let  us 
suppose  that  the  resistaneey  or  load,  is  uniform.   In  Fig.  33  the  line 
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A  B  is  the  length  of  the  semi-circumference  of  the  ci*ank  pin,  or  it 
is  the  distance  the  crank  pin  moves  during  one  stroke.  The  curve 
A  M  D  O  B  is  the  curve  of  turning  moment  for  one  stroke.  M  N 
is  the  mean  ordinate,  and  therefore  A  E  F  B  represents  the  constant 
resistance.  The  effort  and  resistivnce  must  \ye  equal  if  the  speed  is 
uniform  ;  hence  A  E  F  B  =  A  M  D  O  B.  Then  area  A  E  M  + 
area  O  F  B  =  area  M  D  O.  At  A  the  rotative  effort  is  zero  be- 
cause the  crank  pin  is  at  the  dead  point ;  from  A  to  N  the  turning 
moment  is  less  than  the  resistance.  At  N  the  resistance  and  the 
effort  are  equal.  From  N  to  P  the  effort  Ls  in  excess  of  the  resist- 
ance. At  P  the  effort  and  resistance  are  again  equal.  P^rom  P 
to  B  the  resistance  is  greater  than  the  effort.  In  other  words, 
from  A  to  N  the  work  done  ])y  the  steam  is  less  than  the  resist- 


Fig.  34. 

ance.  This  shows  that  the  work  represented  hy  the  area  A  E  M 
must  have  been  dcme  by  the  moving  parts  of  the  engine.  From 
N  to  P  the  work  done  by  the  steam  is  greater  than  tlie  resistince, 
and  the  excess  of  energy  is  absorbed  by  or  stored  in  the  moving 
parts.  From  P  to  the  end  of  the  stroke,  the  work  reprc^sented  by 
the  area  O  F  B  is  done  on  the  crank  pin  by  the  moving  piirts. 

W  V2 
We  know  from  the  formula,  E  =  — - —  ,  that  eiKMgy  is  pro- 

portional  to  the  square  of  the  velocity.  Hence  as  W  and  ff 
remain  the  same,  the  velocity  must  be  reduced  wlien  the  moving 
parts  are  giving  out  energy,  and  increased  when  receiving  energy. 
Thus  we  see  that  the  tendency  of  the  crank  pin  is  to  move  slowly, 
then  more  rapidly.  The  revolving  parts  of  an  engine  have  not 
sufficient  weight  to  store  this  surplus  energy,  hence  a  heavy  fly 
wheel  is  used. 

In  case  there  are  two  engines  at  right  angles,  two  effort  oarveB 
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must  be  drawn,  as  shown  in  Fig.  34.  The  mean  ordinate  A  E  is 
equal  to  the  mean  or  constant  resistance.  There  are  two  minimum 
and  two  maximum  velocities  in  one  stioke.  The  diagram  shows 
that  the  variation  is  much  less  than  for  a  single  cylinder ;  Iience 
a  lighter  fly  wheel  may  \>e  used. 

The  weight  of  the  fiy  wheel  depends  upon  the  character  of  the 
work  done  by  the  engine.  For  pumping  engines  and  ordinaiy 
machine  work  the  effort  need  not  be  as  constant  as  for  electric 
lighting  and  fine  work.  In  determining  the  weight  of  a  fly  wheel 
tlie  diameter  of  the  wlieel  must  be  known,  or  the  ratio  of  the 
diameter  of  the  wheel  to  the  lengtli  of  stroke.  If  the  wheel  is  too 
large,  the  high  linear  velocity  of  the  rim  will  cause  too  great  a 
centrifugal  force  and  the  wlieel  is  likely  to  break.  In  practice, 
about  G,000  feet  per  minute  is  taken  as  the  maximum  linear  velocity 
of  cast-iron  wheels.  VV^hen  made  of  wood  and  carefully  put 
together,  the  velocity  may  be  taken  as  7,000  to  7,500  feet  per 
minute. 

We  know  that  linear  velocity  is  expressed  in  feet  per  minute 
by  the  formula,  V  i=  27r  R  N,  or  V  =:  tt  1)  N. 

Then  if  a  whrel  runs  at  100  revolutions  per  minute,  the 
allowable  diameter  would  be, 

6,000  =  3.1410  X  I)  X  100 

j^^  0,000  __^i,.if,,,^ 

H.141G  X  100 

If  a  wheel  is  12  feet  iu  diameter  the  allowable  speed  is  found 
to  be, 

ttD 

MOO  .^^       ,  ..  .     ■ 

=: =:  loU  revolutions  per  mmute. 

3.1410  X  12  ^ 

It  is  usual  to  make  the  diameter  a  little  less  than  the  calcu- 
lated diameter. 

Having  determined  the  diameter,  the  weight  may  be  calculated 
by  several  methods.  There  are  many  formulas  to  obtain  this  result 
given  by  various  authorities.     One  formula  is  given  as  follows: 

^y  _CX_^2  Xj 
D2  X  N- 


>V.  - 


>%*■ 


.It.."! 
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In  the  above,         W=s  weight  of  the  rim  in  pounds 

d  =  diameter  of  the  cylinder  in  inches 
b  =  length  of  stroke  in  inches 
D  =  diameter  of  fly  wheel  in  feet 
N  =  number  of  revolutions  per  minute 

C  is  a  constant  which  varies  for  different  types  and  conditions. 

Slide-valve  enginen,  ordinary  work,  C  =  350,000 
Corlifts  engines,  ordinary  work,  0  =     700,000 

Slide-valve  engines,  electric  lighting,  0  =  700,000 
Corliss  engines,  electric  lighting,  C  =  1,000,000 
Automatic  high-speed  engines,  C  =  1,000,000 

Example.  Let  us  find  the  weight  of  a  fly-wheel  rim  for  an 
automatic  high-speed  engine  used  for  electric  lighting.  The  cylin- 
der is  24  inches  m  diameter;  the  stroke  is  2  feet.  It  runs  at 
300  revolutions  per  minute,  and  the  fly  wheel  is  to  be  6  feet  in 
diameter. 

W  =  1,000,000  X    W^  X  ^^ 

36  X  90,000 

W  =  4,266  pounds 

Another  example.     A  plain  slide-valve  engine  for  electric 

lighting  is  20^^  X  24''.     It  runs  at  150  revolutions  per  minute. 

The  fly  wheel  is  to  be  8  feet  in  diameter.     What  is  tlie  weight  of 

its  rim? 

W  =  700,000  X      ^^^  ^  ^'^ 

64  X  22,500 

W  =  4,666  pounds. 
The  weight  of  a  fly  wheel  is  considered  as  l)eing  in  the  rim. 
The  weight  of  the  hub  and  arms  is  simply  extra  weight.  Then, 
if  we  know  the  weight  of  the  rim  and  its  diameter,  we  can  find  the 
width  of  face  and  thickness  of  rim.  Let  us  jissume  the  given 
diameter  to  be  the  mean  of  the  diameter  of  the  inside  and  outside 
of  the  rim. 

Let  b  =  width  of  face  in  inches 
t  =  thickness  of  rim  in  inches 
d  =  diameter  of  fly  wheel  in  inches 
.2607  =  weight  of  1  cubic  inch  of  cast  iron 


Then, 


W  =  .2607  X  b  XtX  'rrd 
=  bXtX  .819  d 
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Suppose  the  rim  of  a  fly  wheel  weighs  6,000  pounds,  is  9  feet 
in  diameter,  and  the  width  of  the  face  is  24  inches.  What  is  the 
thickness  of  the  rim? 

.819  d  b 

_  6,000 

.819  X  108  X  24 

=  2.83  inches 

In  this  case  the  rim  would  probably  be" made  21|^  inches  thick. 
The  total  weight,  iuchiding  hub  and  amis,  would  probably  be 
about  8,000  pounds. 

UOVERNORS. 

The  load  on  an  engine  is  never  constant,  although  there  are 
cases  where  it  is  nearly  uniform.  While  the  engine  is  running  at 
constant  speed,  the  resistance  at  the  fly-wheel  rim  is  equal  to  the 
work  done  by  the  steam.  If  the  load  on  the  engine  is  wholly  or 
partially  removed,  and  tlie  supply  of  steam  continues  undiminished, 
the  force  exerted  by  the  steam  will  be  in  excess  of  the  resistance. 
Work  is  equal  to  force  nmltipliod  by  distance ;  hence,  with  con- 
stant effort,  if  the  resistance  is  diminished,  the  distance  must  be 
increased.  In  other  words,  tlie  speed  of  tlie  engine  will  be  in- 
creased. Tlie  engine  will  "  race,"  as  it  is  called.  Also,  if  the 
load  increases  and  the  steam  supply  lemains  constant,  tlie  engine 
will  "slow  down." 

It  is  evident,  then,  that  if  the  speed  is  to  be  kejit  constant 
some  means  must  be  provided  so  that  the  steam  supply  shall  at  all 
times  be  exactly  proportional  to  the  load.  This  is  accomplished 
by  means  of  a  governor. 

Steam-engine  governoi-s  act  in  one  of  two  ways  :  they  may 
regulate  the  pressure  of  steam  admitted  to  the  steam  chest,  or  they 
may  adjust  the  si^eed  by  altering  the  amount  of  steam  admitted. 
Those  which  act  in  the  fii*st  way  are  called  throttling  governors, 
because  they  throttle  the  steam  in  the  main  steam  pipe.  Those  of 
the  latter  class  are  called  automatic  cut-off  governors,  since  they 
automatically  regulate  the  cut-off. 

Theoretically,  the    method    of   goveriung   by  throttling  the 
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steam  causes  a  loss  in  efficiency,  but  the  throttling  superheats  the 
steam,  thus  reducing  cylinder  condensation.  By  the  second 
method  the  loss  in  efficiency  is  very  slight,  unless  the  ratio  of 
expansion  is  already  great,  in  which  case  shortening  the  cutK)flf 
causes  more  cylinder  condensation.  This  subject  will  be  taken 
up  in  detail  later. 

In  most  governors,  centrifugal  force,  counteracted  by  some 
other  force,  is  employed.  A  pair  of  heavy  masses  (usually  iron 
balls  or  weights)  are  made  to  revolve  about  a  spindle,  which  is 
driven  bj''  tho  engine.  When  the  speed  increases,  centrifugal 
force  increases,  and  the  balls  tend  to  fly  outward ;  that  is,  they 
revolve  in  a  larger  circle.  The  controlling  force,  which  is  usually 
gravity  or  springs,  is  no  longer  able  to  keep  the  balls  in  their 
former  path.  When,  therefore,  the  increase  is  sufficiently  great, 
the  balls  in  moving  outward  act  on  the  regulator,  which  may 
throttle  the  steam  or  cause  cut-off  to  occur  earlier. 

With  the  throttling  governor  a  balanced  throttle  valve  is 
placed  in  the  main  steam  pipe  leading  to  the  valve  chest.  If  the 
engine  runs  faster  than  the  desired  speed,  the  balls  are  forced  to 
revolve  at  a  higlier  speed.  The  increase  in  centrifugal  force  will 
cause  them  to  revolve  in  a  larger  circle  and  in  a  higher  plane. 
By  means  of  some  mechanism  (levers  and  gears)  tlie  spindle  may 
be  forced  downward,  thus  partially  closing  the  valve.  The 
engine,  therefore,  takes  steam  at  a  lower  pressure,  and  the  power 
supplied  l)eing  less,  the  speed  falls  slightly. 

Similarly,  if  the  load  is  increased,  the  engine  slows  down, 
wliich  causes  the  balls  to  drop  and  open  the  valve  more  widely, 
steam  at  higher  pressure  is  then  admitted,  and  tlie  speed  is 
increased  to  the  regular  number  of  revolutions. 

With  the  Corliss  or  Wheelock  engine  the  governor  of  this  type 
acts  differently.  Instead  of  throttling  the  steam  in  the  steam  pipe, 
the  governor  is  connected  to  the  releasing  gear  by  rods.  An  increase 
of  speed  causes  the  releasing  gear  to  unhook  the  disengaging  link 
earlier  in  the  stroke.  Tliis  causes  earlier  cut-off,  which  of  courae 
decreases  the  power  and  the  speed,  since  the  amount  of  steam 
admitted  is  less.  If  for  any  reason  the  load  increases,  tlie  governor 
causes  the  valves  to  be  held  open  longer.  The  cut-off,  therefore, 
ocx^urs  later  in  the  stroke. 
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One  of  the  moat  common  forms  of  governor  is  similar  to  tliat 
invented  by  James  Watt.  It  is  called,  from  its  appearance,  the 
pendulum  governor.  It  is  shown  in  Fig.  35.  To  consider  the 
theory  of  the  pendulum  governor,  the  masses  of  the  balls  are 
assumed  to  be  concentrated  at  their  centers,  and  the  rods  made  of 
some  material  having  no  weight. 

When  the  governor  is  revolving  about  its  axis  at  a  constant 
speed  the  balls  revolve  in  a  circle  having  a  radius  r  The  distance 
from  this  plane  to  the  intersection  of  the  rods,  or  the  rods  pro- 
duced, is  called  the  height  and  is  equal  to  h. 


Fig.  35. 

If  the  balls  revolve  faster,  the  centrifugal  force  increases,  r 
becomes  greater  and  h  diminishes.  We  know  that  centrifugal 
force  is  expressed  by  tlie  formula, 

Wt;2 


F  = 


y  r 


Then  centrifugal  force  varies  inversely  as  the  radius. 

While  the  pendulum  is  revolving,  centrifugal  force  acts  hori- 
zontally outward  and  tends  to  make  the  balls  fly  from  the  center; 
gmvity  tends  to  make  the  balls  drop  downward.  In  order  that  the 
balls  shall  revolve  at  a  certain  height,  the  moments  of  these  two 
forces  about  the  center  must  l>e  equal,  or  the  weight  of  the  balls 
multiplied  by  their  distance  from  the  center  must  equal  the 
centrifugal  force  multiijlied  by  the  height,  or. 

W  X  r  =  F  X  A 


from  which. 

h           W 
r            F 

or. 

*     _     W          gr 

gr 

fiom  which. 

i^  9r^ 

^% 
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Now  we  know  that  the  linear  velocity  of  a  point  revolving  in 
the  circumference  of  a  circle  is  expressed  as  2  9r  r  N  feet  per 
second. 

Then  h-   'tl^=        jy'         =       SL   ^ 

««  47r2r»N2         4wa  N^ 

Since  we  know  the  values  of  g  and  ir  we  can  write  the 
formula, 

h  =  ^^-^^ =  •^^•*^'  feel  per  second,  or 

4  X  3.14162  X  N»  N* 

=  — — inches  per  second. 

If  N  is  the  nunil)er  of  revolutions  per  minute,  since  ()()'  - 

3600,  o  QQo  f\f{ 

h  =  :^r!±^  feet 

N2 

,         35,190.7  .     , 
a  =    — _ inches 

N2 

From  the  above  formula,  we  see  that  the  height  is  independent 
of  the  weight  of  the  balls  or  the  length  of  the  rod ;  it  depends 
upon  the  number  ot  revolutions.  The  height  varies  inversely  as 
the  square  of  the  number  of  revolutions. 

The  ordinary  pendulum  governor  is  not  isochronous ;  that  is, 
it  does  not  revolve  at  a  uniform  speed  in  all  positions ;  the  speed 
changes  as  the  angle  between  the  arms  and  the  si)indle  changes. 

The  early  form  consisted  of  two  heavy  balls  suspended  by 
links  from  a  pin  connection  in  a  vertical  spindle,  as  shown  in  Figs. 
36  and  37.  The  spindle  is  caused  to  revolve  by  belting  or  gear- 
ing from  the  main  shaft,  so  that  as  the  speed  increases,  centrifugal 
force  causes  the  balls  to  revolve  in  a  circle  of  larger  and  larger 
diameter.  The  change  of  position  of  these  kills  can  be  made  to 
affect  the  controlling  valves  so  that  the  admission  or  the  throttling 
shall  vary  with  their  position.  With  this  governor  it  is  evident 
that  for  a  given  speed  of  the  engine  there  is  but  one  position  pos- 
sible for  the  governor;  consequently  one  amount  of  throttling  or 
one  poiiit  of  cutK)ff,  as  the  case  may  be.  If  the  load  varies,  the 
speed  of  the  engine  will  change.  <  This  causes  the  position  of  the 
governor  balls  to  be  changed  slightly,  thus  altering  the  pressure 
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But  in  order  that  the  pressure  or  cutoff  shall  remain  changed,  the 
governor  balls  must  stay  in  their  new  position.  That  is  to  say, 
tlie  speed  of  the  engine  must  be  slightly  changed.  Thus  with 
the  old  ball  governors  there  was  a  slightly  different  speed  for  each 
load.  This  condition  has  been  greatly  improved  by  various 
modifications  until  now  such  governors  give  excellent  regulation. 
While  the  engine  is  running  with  a  light  load,  the  valve  con- 
trolled by  the  governor  will  be  open  just  enough  to  admit  steam 
at  a  pressure  that  will  keep  the  engine  running  at  a  given  speed. 
Now,  if  the  engine  is  heavily  loaded,  the  throttle  vidve  must  be 
wide  oi)en.  The  change  of  opening  is  obtained  by  a  variation  in 
the  height  of  the  governor,  which  is  caused  by  a  change  of  speed. 
Thus  we  see  that  the  governor  can  control  the  speed  only  within 
certain  limits  which  are  not  far  apart.  The  difference  in  the 
extreme  heights  of  the  governor  must  be  sufficient  to  open 
the  throttle  its  entire  range.  In  most  well-designed  engines  the 
speed  will  not  vary  more  than  4  per  cent ;  that  is,  2  per  cent 
above  or  below  the  mean  speed. 

From  the  formula  h  =z  '__^ L ,  we  can  compute  the  heights 

corresponding  to  given  speeds  as  shown  by  the  following  table: 


Number  of 
Revolutions 
per  Minute. 


250 
200 

150 

125 

100 

75 

60 


Hcigbt 

in 
Inches. 


.563 
.879 
1.149 
1.564 
2.252 
3.519 
6.256 
14.076 


Variation  of 
Height  in  Inches 

4  per  cent. 

.0225 

.035 

.046 

.062 

.090 

.140 

.250 

.563 


In   the   above  table   the  second  column    is  found  from  the 

35  190  7 
formula  h  =     '  ^    — !_.     The    third    column  is  the  variation   in 

N2 
height  for  a  speed  variation   of  4  per  cent  or  2  per  cent  either 
above  or  below  the  mean. 
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From  the  table  we  see  that  for  a  considerable  variation  of 
■ipeed  there  ia  but  slight  variation  in  the  height  of  the  governor, 
jVIso  for  high  3i)ee<t8  the  height  of  the  governor  is  so  sniiiU  that  it 
would  be  difHciilt  to  construct  it.  The  slight  variation  in  height 
•s  too  srtiaM  to  control  the  cut-ofF  or  throttling  mechanism  through- 
out the  entire  range. 

Other  disadvaiitiiges  of  the  fly-ball  governor  are  as  follows: 
it  ia  apparent  that  the  valves  nnist  be  controlled  by  tlie  weight  of 
the  governor  bills.  In  large  engines  this  requires  very  liciivy 
balls  in  order  to  quickly  overcome  the  resist;ince  of  the  valves. 
But  these  large  ImIIh  liavo  considerable  inertiii  and  will  therefore 
be  reluctant  to  change  tlieir  speed  with  that  of  the  engine.     The 


mcveaaed  weight  will  also  increase  the  friction  in  the  governor 
joints  and  the  cramping  action  existing  when  the  balls  iii-e  driven 
tiy  the  spindle  will  increiisis  this  friction  still  further.  All  these 
things  tend  to  delay  the  action  of  the  governor,  bo  that  in  all 
large  engines  the  old-fashioned  governor  became  slufj^iah.  The 
balls  had  to  turn  slowly  because  they  were  so  heavy  ;  this  was 
especially  troublesome  in  high-speed  engines. 

To  remedy  these  defects  the  weighted  or  Porter  governor  was 
designed.  (See  Fig.  38.)  It  liiis  a  greater  height  for  a  given 
speed,  and  the  variation  in  height  for  a  given  variation  of  S|>eed  is 
greater.  When  a  governor  hiis  this  latter  quality,  that  is,  a  great 
variation  in  height  for  a  given  variation  of  speed,  it  is  said  to  be 
Bensitive,  By  increasing  this  variiition  in  height  the  Bensitiveness 
is  increased.     Thus,  if  a  governor  running  at  50  revolutions  has  a 
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variation  in  height  of  .57  inch,  it  is  not  as  sensitive  as  one  having 
a  variation  of  1  inch  for  the  same  speed. 

In  the  weighted  governor,  the  weight  is  formed  so  that  the 
center  of  gravity  is  in  the  axis.  It  is  placed  on  the  spindle  and 
is  free  to  revolve.  The  weight  adds  to  the  weiglit  of  the  balls, 
and  thus  increases  the  moment  of  the  weight.  It  does  not,  how- 
ever, add  to  the  centrifugal  force,  and  hence  the  moment  of  this 
force  is  unchanged.  We  may  then  say  the  weight  adds  effect  to 
the  weight  but?  not  to  the  centiifugal  force,  and  as  a  consequence 
the  height  of  the  governor,  for  a  given  speed,  is  increased.  If  we 
let  W  equal  the  combined  weight  of  the  balls  as  before,  and  W 
equal  the  added  weight,  the  moments  are, 

(W  + W)  X  r  =  FA 

(W  +  W)  X  r  =  ^^^  X  h 

9  r 

_  (W4-W')rV 
W  X  -IttS  r2  N2 

_  (W  X  W)  ^        g 


W  4  7r2Na 


We  know  that 


9        _  -8146 


4^2  N2  N2 


Tk        1         (  W+W  j    ^  .8146 
Then    A  =    j  _^  j    X  -^. 

Hence  the  height  of  a  weiglited  governor  is  equal  to  the 
height  of  a  simple  pendulum  governor  luiiltijjlied  by 

—9—  i ""'  r + w  i  • 

For  instance,  if  the  height  of  a  simple  pendulum  is  10  inches, 
and  the  weight  of  tlie  balls  equal  to  the  added  weight,  the  height 
will  be, 

A=jL+i)  xio 

as.  2  X  10 
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Thus  we  see  that  if  a  weight  eqiifil  to  the  combined  weight  of 
the  bulls  is  added,  the  height  of  tlie  governor  will  be  doubled. 

We  know  that  if  the  balls  fall,  tlie  cutroff  comes  later.  If 
the  belt  driving  the  governor  slips  off  or  breaks,  the  balls  will 
drop,  and,  milking  the  cut-off  later,  will  allow  the  engine  to  "  run 
away."  To  diminish  this  danger  many  govenioi-s  are  provided 
with  some  kind  of  safety  stop,  which  closes  the  valve  when  the 
governor  loses  its  noi-mal  action.  Usually  a  trip  is  provided 
which  the  governor  does  not  touch  in  its  normal  positions,  but 
which  will  be  released  if  the  balls  drop  down  below  a  certain 
point. 

In  another  arrjuigement,  instead  of  a  weight,  a  strong  spring 
is  used,  and  this  makes  it  possible  to  put  the  governor  in  any 
position. 

Spring  Qovernors.  In  many  Ciiiies  a  spring  is  used  in  place 
of  the  weight.  This  type  of  govemor 
is  used  frequently  on  throttling  engines  ; 
it  consists  of  a  pendulum  governor  with 
springs  added  to  counteract  the  cen- 
trifugjil  force  of  the  balls.  Thus  the 
height  and  sensitiveness  are  increased. 
Fig.  39  shows  the  exterior  view  of  a 
Watci-s  governor,  and  Fig.  40  the  same 
governor  having  the  safety  stop.  In 
this  govomor  the  weights  are  always  in 
the  same  plane,  the  variation  in  height 
beinsr  due  to  the  action  of  the  bell 
crank  levei-s  connecting  the  balls  and 
spindle.  When  the  balls  move  outward  the  spindle  moves  down- 
ward and  tends  to  close  the  valve.  The  governor  balls  revolve 
by  means  of  a  belt  and  bevel  gears.  The  valve  and  seat  are 
shown  in  section  in  Fig.  41.  The  valve  is  a  hollow  cylinder 
with  three  ports,  bj''  means  of  which  steam  enters  the  valve.  The 
seat  is  made  in  four  pails,  that  is,  there  are  four  edges  that  the 
steam  passes  as  it  entera  the  valve.  The  valve  being  cylindrical 
and  having  steam  on  both  sides  is  Ixilanced,  and  because  of  the 
many  openings  only  a  small  travel  is  necessary. 

5hatt  Oovernors.     Usually  some  form  of  pendulum  governor 
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is  used  for  throttling  engines.  For  governing  an  engine  by  vary- 
ing tlie  point  of  cut-off,  sliaft  govemors  are  generally  used ;  how- 
ever, Corliss  engines  ami  some  others  use  pendulum  govemors  for 
this  purpose.  Cut-off  goveriioi-a  arc  called  shaft  governoi-s  because 
they  are  placed  on  the  main  sliaft;  they  are  made  in  many  forms, 
but  the  essential  features  of  ail  are  the  same.  Two  pivoted  masses 
or  weights  are  arranged  syminetriL-aliy  on  opposite  sides  of  the 
shaft,  and  their  tendency  to  fly  outward  when  the  speed  increjiaes 
IS  resisted  by  springs.  The  outward  motion  of  the  weights  closes 
the  admission  valve  earlier,  and  the  inwui-d  motion  closes  it  later. 
This  change  is  effected  by  altering  the  position  <if  the  eccentric, 
either  by  changing  the  eccentricity  or  tlic  angular  advance. 


Fii-.  3!1. 


Shaft  governors  are  niado  in  a  great  variety  of  ways,  no  two 
types  l)eiiig  exactly  alike.  If  the  principles  of  a  few  tyj>ea  are 
understood,  it  is  easy  to  undei-stand  others.  The  following  illus- 
trates two  common  metlioda  of  shifting  the  eccentric. 

Buckeye  Engine  Qovernor.  T)ie  valve  of  the  Buckeye  en- 
gine is  hollow  and  of  the  slide  valve  type.  The  cut-off  valve  ia 
inside.  Tlie  change  of  cut-off  is  dne  to  tlie  alteration  of  the 
angular  advance.  The  arrangeineiit  of  tlie  parts  which  effect  the 
change  of  angular  adviuice  is  shown  in  Fig.  42.     A  wheel  wliich 
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contains  and  supports  the  various  parts  of  tlie  governor  is  keyed  to 
the  shaft.  Two  arms,  having  weights  A  A  at  the  ends,  are  pivoted 
to  ttie  arms  of  the  wheel  at  6  b.  The  ends  having  the  weights  are 
connected  to  the  collar  on  the  loose  eccentric  C  by  means  of  rods  \i  It. 

When  the  weights  move  lo  the  position  indicated  by  the 
dotted  lines,  the  eccentric  is 
turned  on  the  shaft  about  a 
quarter  of  a  revolution  in  the 
direction  in  which  the  engine 
runs.  That  is,  the  eccentric  is 
advanced  or  the  angular  ad- 
vaiice  is  increased.  Now  we 
know  tliiit  if  the  angular  ad- 
vance is  increased,  cut-off  occuis 
earlier.  This  is  shown  by  the 
table  on  page  12  of  "Valve 
Gears."  If  the  engine  had  a 
single  plain  slide  valve  the  varia- 
tion of  the  angular  advance 
would  produce  toogreatavaria- 
tion  of  lead  ;  hut  as  this  engine 
has  a  sepiirate  vjilve  for  cut-off, 
admission  is  not  altered  hy  the 
cut-off  valve. 

The  springs  F  F  balance  the  centrifugal  forcti  of  the  weights. 
The  weights  A  A  are  varied  to  suit  the  speed  ;  the  tension  on  the 
springs  is  altered  by  means  of  the  screws  c  c.  Auxiliary  springs 
are  addetl  in  order  to  obtain  the  exactness  of  regulation  necessary 
for  electric  lighting.  These  si>ring8  tend  to  throw  the  arms  out- 
ward, but  act  only  during  the  inner  half  of  this  movement. 

The  Straight-Line  Engine  Governor.  Fig,  43  shows  the  gov- 
ernor of  the  straight-line  engine.  It  has  but  one  hall,  It,  which  is 
linked  to  the  spring  S  and  to  the  plate  D  E,  on  which  is  the  eccen- 
tric C.  When  the  ball  flies  outward  in  the  directii>n  indicated  by 
the  arrow  F,  the  eccentric  is  sliifted  about  the  pivot  O ;  the  links 
moving  in  the  direction  of  arrow  H.  The  bidl  is  heavy  and  at 
a  considerable  distance  from  the  center;  hence  it  hjis  a  great 
centrifugal  force,  and  the  spring  must  be  sti£f. 


Fi«.  41. 


62  THE     STEAM    ENGINE. 

The  governor  of  the  Buckeye  engiae  alters  the  cutK)fE  by 
chaaging  the  angular  advance.  The  straight-line  engine  governor 
ciianges  the  travel  of  the  valve.  Shaft  governors  which  alter  the 
cat-off  by  changing  the  valvn  travel  are  very  common. 

LUBRICATION. 

If  two  pieces  of  castiron,  just  as  they  come  from  the  foundry, 
are  rubbed  together,  they  will  not  slide  over  eiich  olhur  easily, 
because  of  little  projections.     If  tins  same  iron  is  Hied  or  planed, 


Fig  « 


the  pieces  will  slitle  much  more  easily.  This  is  because  the  rough 
places  have  liuun  smoothed,  or  filled  up  with  dust.  If  now  we  put 
some  engine  oil  on  the  jiieccs,  they  will  slide  very  easily.  This  is 
because  the  more  minute  depressions  have  been  filled  up  and  the 
whole  surface  is  made  comparatively  smooth.  No  matter  how 
carefully  we  might  plane  and  polish  any  surface,  a  microscope 
would  show  fhat  it  was  still  a  little  rough. 

One  cause  of  loss  of  powerin  the  steam  engine  is  friction.  In  all 
engines  there  are  so  many  moving  partji  that  it  is  of  great  impor- 
tance that  friction  should  be  i  educed  as  much  ne  possible.     This  is 
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done  by  making  the  surfaces  in  contact  smooth  and  of  ample  size ; 
also  making  them  of  different  metals  and  using  oils  or  other 
lubricants.  The  effect  of  the  lubricant  is  to  interpose  a  thin  film 
between  the  surfaces.  This  prevents  their  commg  into  actual  con- 
tact If  the  oil  is  too  thin  or  the  pressure  too  great,  the  lubricant 
is  squeezed  out  and  the  metal  surfaces  come  in  contact. 

Thus  we  see  that  there  are  certain  qualities  which  a  lul>ricant 
must  have.     They  ai-e  as  follows  : 

The  lubricant  must  be  sufficiently  fluid,  so  that  it  will  not 
itself  make  the  bearing  run  hard. 

It  must  not  be  too  fluid  or  it  will  be  squeezed  out  from  be- 
tween tlie  bearing  surfaces.     If  this  happens,  the  bearing  will 


Fig.  43. 

'^^ediately  begin  to  heat  and  cut.     The  heating  will  tii^ht^'n  the 
^^ring,  and  will  thus  increase  the  pressure  and  the  cutting. 

It  must  not  gum  or  dry  when  exposed  to  the  air. 

It  must  not  be  easily  decomposed  by  the  heat  generated.     Jf 
^^  shonld  be  decomposed,  it  might  form  substances  which  would 
^  injurious  to  the  bearings. 

It  must  not  take  fire  easily. 
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It  must  contain  no  acid,  and  should  form  no  acid  in  decom- 
posing, as  acids  corrode  the  bearings. 

Both  mineral  and  animal  oils  are  used  a^  lubricants.  For- 
merly animal  oils  were  used  entirely,  but  they  were  likely  to 
decompose  at  high  temperatures  and  form  acids.  It  is  important 
in  using  high-pressure  steam  to  have  "  high-test  oils,"  that  is,  oils 
which  will  not  decompose  or  volatilize  at  the  temperature  of  the 
steam.  It  was  the  difficulty  of  getting  such  oils  which  made  great 
trouble  when  superheated  steam  wa^?  first  used.  Mineral  oils  will 
stand  these  temperatures  very  readily,  and  even  if  they  do  decom- 
pose, they  form  no  acids. 

The  Liquid  Lubricants,  whether  of  animal,  vegetable  or 
mineral  origin,  may  be  used  for  ordinary  bearings,  but  for  valves 
and  pistons  heavy  mineral  oils  only  are  suitable. 

Solid  Lubricants .  Graphite  is  used  as  a  lubricant.  It  is  well 
adapted  for  heavy  pressures  when  mixed  with  certain  oils.  It  is 
especially  valuable  for  heavy  pressures  and  low  velocities. 

Metalline  is  a  solid  compound,  containing  graphite.  It  is 
made  in  the  form  of  solid  cylinders,  which  are  fitted  to  holes  drilled 
into  the  surface  of  the  bearing.  When  a  bearing  is  thus  fitted  no 
other  lubricant  is  necessary. 

Soapstone  in  the  form  of  powder  and  mixed  with  oil  or  fat  is 
sometimes  used  as  a  lubricant.  Soap  mixed  with  graphite  or  soap- 
stone  is  often  used  where  wood  is  in  contact  with  wood  or  iron. 

A  preparation  called  Fiber  Graphite  is  used  for  self-lubricat- 
ing l)earings.  It  is  made  of  finely  divided  gra})hite  mixed  with 
fibers  of  wood.  It  is  pressed  in  molds  and  afterward  fitted  to 
bearings. 

For  great  pressure  at  slow  speed,  graphite,  lard,  tallow  and 
other  solid  lubricants  are  suitable.  If  the  pressure  is  great  and 
the  speed  high,  castor,  sperm  and  heavy  mineral  oils  are  used. 

For  low  pressure  and  high  speed,  olive,  sperm,  rape  and 
refined  petroleum  give  satisfaction. 

In  ordinary  machinery,  heavy  mineral  and  vegetable  oils  and 
laid  oil  are  good.  The  relative  value  of  various  lubricants  depends 
upon  the  prevailing  conditions.  Oil  that  is  suitable  for  one  place 
might  not  flow  freely  enough  for  another. 

The  quality  of  oil  is  of  great  importance.     In  many  branches 
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of  industiy  it  is  imperative  that  the  machinery  run  aa  perfectlj  as 
possible.  On  this  account  and  because  of  the  high  cost  of 
m^chinerj-,  only  fii-st-elass  oil  should  I>e  used.  The  cylinder  oil 
especially,  should  be  high  grade,  liecause  the  valves,  piston  and 
pintoii  rods  are  the  most  delicate  parts  of  the  engine. 

Engines  are  lubricated  by  means  of  oil  cups  and  wipera 
placed  on  the  bearings  wheiever  required.  They  are  made  in 
many  forms,  dependent  ujwn  the  manufacturers.  Commonly  the  oil 
cup  is  made  with  a  tube  extending  up  through  the  oil.  A  piece 
of  lampwick  or  worated  leads  from  the  oil  in  the  cup  to  the  tube. 
Capillary  attraction  causes  the  oil  U>  flow 
continuously  and  drip  down  the  tube.  When 
not  in  use,  the  lampwick  should  be  with- 
dntwn. 

The  neetlle  oil  cup  differs  fi'om  tlie  cap-  t 
illary  oil  cup  in  tliat  a  small  wire  or  needle 
extends  thiough  the  tube  and  oil;  one  end 
rests  on  the  journal  to  be  lubricated.  The 
needle  should  fit  the  tube  closely,  so  that 
when  the  machinerj-  is  at  rest  no  oil  will  flow. 
When  revolving,  the  shaft  gives  the  needle  t! 
a  wabbling  motion  which  makes  the  oil  flow. 
To  increase  the  supply,  a  smaller  nee<Ue  is 
used. 

The  oil  cup  shown  in  Fig.  44  is  simple 
and  economical.  The  opening  of  the  valve  la 
regulated  by  an  adjustable  stop.  The  oil  may 
be  seen  as  it  flows  drop  by  drop.  The  cyiin- 
drical  portion  is  made  of  glass,  so  that  the 
engineer  can  see  how  much  oil  there  ^s  in  the  cup  ' 
ing  it. 

A  form  of  wiper  crank  pin  oiler  is  shown  in  Fig.  4.').  The 
oil  cup  is  attached  to  a  bracket.  Tho  oil  divips  from  the  cup  into 
a  sheet  of  wickiug  or  wire  cloth  and  is  removed  at  each  i-cvolution 
of  the  crank  pin  by  means  of  tlie  cup  which  is  attached  to  the  end 
of  the  connecting  rod. 

Fig.  46  shows  a  centrifugal  oiling  device.  The  oil  flows 
from  tlie  oil  cup  Uirough  the  tube  to  the  small  hole  in  the  oraiik 
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pin  by  centrifugal  force.     It  reaches  tlie  bearing  Burface  by  meiina 
of  another  small  hole. 

In  oiling  the  valve  chest 
and  cylinder  the  lubricant 
must  be  introduced  against 
the  pressure  of  tlie  steam. 
This  can  bo  done  in  several 
ways,  in  each  of  whicli  it  is 
introduced  into  the  steam 
Ix-fore  it  ix-aches  the  valve 
clicst  and  is  carried  to  the 
surfaces  to  be  lubricated. 

Tlie  oil  can  I>e  forced 
into  the  Nteam  pipe  by  a  small 
hand  pump  or  in  large  engines  by  an  attadimfnt  from  the  enguic 
itself.  The  supply  of  nil  is,  of  course,  intennittent  if  the  pump  is 
driven  by  hand,  but  continu- 
ous and  economical  if  driven 
by  tlie  engine. 

Sight  Feed  Lubricators, 
The  most  comnmn  device  for 
feeding  oil  to  the  cyHnder  is 
that  which  introduces  the  oil 
drop  by  drop  into  the  steam 
when  it  is  in  the  steaiu  pipu 
or  steam  chest.  The  oil  1m^ 
comes  Viiporized  and  lubri- 
cates all  tlie  intorniil  surfacfa 
of  the  engine. 

Fig.  47  shows  the  sec- 
tion of  a  sight  feed  lubricator. 
The  reservoir  O  is  iilled  with 
oil.  Tlie  pipe  H,  which  con- 
nects with  the  st«am  pipe,  is 
partly  Jdied  with  condensed 
steam,  which  llnws  down  the  small  en 
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regulaling  valve  D,  and  up  through  the  glass  tube  S,  wliieh  is 
tilleil  with  water.  It  enteis  the  main  steam  pipe  throiigii  the  con- 
nection A.  The  gage  glass  G  indicates  the  height  of  water  in 
the  chamber  O.  To  fill  the  lubricator,  close  the  regulating  valvu 
D  and  the  valve  in  pipe  B;  the  oil  cliamber  can  then  be  di'itiiKil 
atid  filled.  If  the  glass  S  becomes  clogged  it  may  be  cleaiu-d  bj- 
sliutting  valve  D  and  opening  the  small  viilve  H.  Tliis  will 
allow  steam  to  blow  through  the  glass.  After  cleaning  close 
v;Llve  II  and  allow  glass  S  to  become  filled  with  water  l)eforu 
opening  the  feed  valve.  The  amount  of  oil  fed  to  the  cylinder  can 
l>e  regulated  by  opening  D 
(Fig.  47)  the  proper  amount. 
Tlie  exact  quantity  of  oil 
iieccsjiary  for  the  engine  is 
not  easily  determined.  For 
otdiiiary  sizes  it  is  between 
one  drop  in  two  minutes  and 
two  clropB  p«^r  minute. 

Graphite  is  an  excellent 
lubricant  and  can  be  intro- 
duced into  the  cylinder  diy 
or  mixed  with  some  Iieavy 
grease.  It  has  been  used 
extensively  because  of  the 
trouble  which  cylinder  oil 
gives  in  the  exhaust  and  in 
tlie  lx>ilers  of  condensing 
engines. 

In  slow-speed  en^nes  it 
is  not  Jiard  to  attend  to  the 
oiling  ;  all  the  parts  are  movingslowly  and  can  be  readily  examined 
and  oiled.  Many  high-speed  engines  run  so  faattliat  it  is  impossible 
U>  examine  the  various  parts,  and  sjK'cial  means  must  l>e  jirovided 
for  lubricating.  It  is  specially  importiiut  in  high-speed  engints 
that  there  should  be  no  heating.  High-speed  engines  are  gener- 
ally used  for  electric  lighting,  and  it  is  absolutely  essential  that 
they  be  kept  running  at  the  required  speed  to  avoid  flickering 
lights.     Thus,  while  there  is  greater  liability  to  heating  in  high-: 
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speed  engines,  there  is  also  mucli  greater  loss  in  case  heating 
compels  the  stopping  of  an  engine. 

In  order  to  avoid  the  danger  of  forgetting  to  oil  a  bearing  of 
a  high-speed  engine,  it  is  customary  to  have  all  the  bearings  oiled 
from  one  place.  All  the  oil  is  supplied  to  one  reservoir  and  from 
this  reservoir  pipes  lead  to  all  bearings.  If  tliis  is  not  done,  large 
oil  cups  are  supplied,  as  a  rule,  so  that  oiling  need  not  be  attended 
to  as  frequently. 

In  some  high-speed  engines  the  moving  parts  are  enclosed 
and  the  cmnk  runs  in  a  batli  of  oil.  This  secures  certain  oiling 
and  is  very  effective.  All  the  beariugs  nmy  be  inside  this  crank 
case,  so  that  all  are  oiled  in  this  w;iy.  It  is  impossible  for  a  care- 
less engineer  to  overlook  one  point  and  so  endanger  the  whole 
engine. 

5TEAn  TURBINE. 

The  very  earliest  reconis  of  the  steam  engine  describe  a  form 
of  sttMm  turbine.  It  consisted  of  a  hollow  spliere,  as  shown  in 
Fig,  48,  mounted  on  trun- 
nions, through  which  steam 
was  admitted  to  the  in- 
terior. This  steam  escaped 
through  pt]ies  bent  tangen- 
tially  to  the  equator  line 
of  the  sphere.  The  force 
of  the  escaping  steam  re- 
acted upon  the  sphere, 
causing  it  to  revolve  on 
its  trunnions.  Many  cen- 
turies later,  in  1629, 
Branca,  an  Italian,  invented 
a  rotai-y  engine  (Fig.  49), 
in  which  a  jet  of  steam 
struck  the  vanes  of  a 
wheel,  and  thus  forced  it  around  in  much  the  same  way  that  a  jet 
of  water  acts  on  a  Pelton  water-wheel.  These  engines  were  of 
little,  if  any,  practical  value,  and  used  an  immense  quantity  of 
steam. 
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In  1705  the  reciprocating  engine  was  introduced,  and  by 
means  of  Watt's  inventions  became  so  efficient  that  the  develop- 
ment of  the  rotary  engine  was  out  of  the  question.  It  will  be 
remembered  that  Watt  introduced  the  expansive  use  of  steam  in 
the  reciprocating  engine,  which  at  this  time  could  not  be  accom- 
plished in  the  rotary  engine,  and  until  within  the  last  few  years 
practically  nothing  was  done  to  develop  the  turbine. 

Since  the  days  of  Watt  there  has  been  but  one  important 
thermodjTiamic  improvement  in  the  reciprocating  engine;  namely, 


Fig.  49. 

the  introduction  of  compound  expansion.  AH  other  improve- 
ments have  been  in  the  nature  of  mechanical  devices,  and  it  seems 
reasonable  to  suppose  that  the  greatest  developments  of  the 
future  may  possibly  be  in  the  production  of  some  type  other  than 
the  reciprocating  engine. 

In  1883  De  Laval  invented  a  successful  turbine  for  running 
a  cream  separator,  and  a  shoit  time  later  Paraons  introduced  an- 
other. Both  of  these  engines  employed  the  expansive  foice  of 
steam,  but  each  derived  this  force  in  a  different  way. 

Since  1883  the  development  of  the  turbine  has  been  veiy 
rapid.  The  first  engine  introduced  by  De  Leval,  although  far 
ahead  of  the  earlier  fonns,  was  still  very  wasteful  of  steam ;  but 
now  such  improvements  have  been  made  that  their  steam  con- 
sumption compares  very  favorably  with  the  consumption  of  good 
reciprocating  engines. 
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A  modern  turbine  is  a  tremendously  high-speed  engine.  It 
does  not  derive  its  power  from  the  static  force  of  steam  expanding 
behind  a  piston,  as  in  tlie  reciprocating  engine,  but  in  this  case 
the  expanding  steam  produces  kinetic  energy  of  tlie  steam  par- 
ticles. These  particles  receive  a  high  velocity  by  virtue  of  the 
expansion,  and,  acting  upon  the  vanes  of  a  wheel,  force  it  around 
at  a  high  speed  of  rotation  in  some  such  manner  as  a  sti*eam  of 
water  rotates  a  water-wlieel. 

In  the  reciprocating  engine  the  expansion  produces  a  force 
which  presses  on  Iho  piston.  In  the  rotary  engine  the  expansion 
produces  velocity  in  a  jet  of  steam.  This  is  the  fundamental  dif- 
ference between  the  two  forms. 

The  essential  principles  of  water  turbines  are  equally  true 
of  steam  turbines.  The  jet  must  strike  the  vanes  without  a  sud- 
den shock,  and  must  leave  them  in  another  direction  without  any 
sharp  deflections.  For  maximum  efficiency  the  De  Laval  engine 
should  have  a  jet  velocity  equal  to  one-half  the  linear  velocity  of  a 
point  on  the  wheel-rim ;  for  the  Parsons  these  velocities  should 
be  equal.  If  the  velocity  of  steam  is  8,000  feet  per  second,  it  is 
easily  seen  that  even  one-half  of  this  would  cause  too  great  a  speed 
of  rotation  for  safety.  It  would  be  difficult  to  build  a  wheel  that 
would  be  strong  enough  to  withstund  the  centrifugal  force  at  this 
high  speed.  It  becomes  necessary,  therefore,  to  reduce  the  speed 
to  the  limits  of  safety,  and  run  under  a  slightly  less  efficiency. 

At  such  high  speed  the  shaft  and  wheel  should  be  perfectly 
balanced,  in  order  that  its  center  of  gravity  may  exactly  coincide 
with  the  axis  of  rotation.  In  practice  it  has  been  found  impos- 
sible to  balance  the  shaft  perfectly ;  and  in  order  that  it  may 
revolve  about  its  c;  nter  of  gravity,  varioiLs  means  are  adopted  to 
overcome  the  rigidity  of  an  ordinary  shaft  and  bearing.  This 
makes  high  speed  of  rotation  j)ossible  without  any  apparent 
vibration. 

De  Lmal  lurbine.  The  De  Laval  turbine  shown  in  Fig.  60 
consists  of  a  wheel  with  suitably  shaped  buckets,  against  which  a 
jet  of  steam  is  directed.  The  buckets  are  on  the  rim  of  the 
wheel  and  are  surrounded  by  a  casing  B,  which  prevents  the 
escape  of  the  steam  until  it  has  done  its  work.  A  piece  of  this 
casing  is  cut  away  at  A  in  order  to  show  the  buckets.     The  steam 
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from  tlie  nozzle  strikes  these  buckets  and  is  deflected.  Thus  by 
ihe  impact  of  the  jet  and  the  reaction  due  to  its  deflection,  the 
wheel  is  caused  to  revolve  at  a  high  speed. 

There  are  usually  four  nozzles  that  supply  steam  to  the  tur- 
bine, one  of  which  is  stiown  in  section  at  D.  These  nozzles  are 
small  at  the  throat  and  diverge  outward.  By  muking  them  of 
the  right  length  and  with  the  proper  amount  of  divergence,  the 
steam  can   be  expanded  frnm  the  pressure  of  admission  to  the 
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pressure  of  the  condenser.  Complete  expansion  is  obtained  in 
this  diverging  nozzle,  and  the  steam  leaves  it  at  the  exhaust 
pressure'.  The  steam  then  works  only  by  virtue  of  iU)  high 
velocity. 

This  turbine  has  a  long,  flexible  shaft  C  which  can  deflect 
enough  to  make  up  for  any  eccentricity  of  the  center  of  gravity  of 
the  shaft,  and  thus  allow  the  shaft  to  revolve  about  its  center 
of  gravity  and  still  have  rigid  bearings  at  the  end. 

Admission  is  regulated  by  a  thiottle-yalve,  controlled  by  a 
fly  ball  governor. 
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Fig.  51  shows  a  De  Laval  turbine  connected  with  a  generator. 
The  Parsons  Turbine.      Fig.  52  is  a  longitudinal  section  of  a 
Westinghouse-Parsons  tui'bine.     Steam  enters  the  chamber  A  and 
passes  through  the  turbine  vanes  to  the  exhaust  chamber  B.     The 
vanes  are  arranged  as  shown  in  Fig.  53,  and  consist  of  alternate 
sets,  one  stationary,  the  next  movable.     The  steam  strikes  one  and 
is  deflected  to  the  next ;  thus  the  action  and  the  reaction  occurring 
in  rapid  succession  cause  the  movable  sets,  which  are  fixed  to  the 
shaft,  to  rotate  at  a  high  speed.     As  the  steam  passes  the  different 
sets  of  blades,  the  volume  of  the  passages  increases  to  correspond 
with  the  expansion  of   the  steam.     In  the  De  Laval  the  steam 
was  expanded  entirely    before  reaching   the  wheel,  but   in    the 
Parsons  the  expansion  is  accomplished  in  the  engine  itself.     As 
the  steam  enters  the  chamber  A  (see  Fig.  52)  it  presses  on  the 
turbine  vanes  and  it  also  presses  equally  and  in  the  opposite  direc- 
tion on  C,  which  is  really  a  piston  fixed  to  the  shaft.     Thus  we 
see  that  the  pressure  to  the  right  is  equal  to  the  pressure  to  the 
left,  and  there  is  no  end  pressure  on  the  bearing  of  the  shaft.     C^ 
and  Cj  balance  the  steam  pressure  in  the  chambers  E  and  G.     At 
H  isa  bearing  which  ser\^es  to  mainta,in  a  correct  adjustment  of 
^'»e  balance  pistons  C.     There  is  probably  some  escape  of  steam 
I'list  these  balancing  pistons,  but  it  is  small.     The  exhaust  steam 
•'^  B  presses  the  turbine  toward  the  left,  and  would  cause  an  end 
Pressure  on  the  bearing  were  it  not  that  the  pipe  K  opens  a  coni- 
'^•unication  l)etween  the  exliaust  chamber  B  and  the  back  of  the 
Wancing  pistons,  wliich  makes  the  pressure  equal  at  both  ends. 
The    l>earing  consists  of  a  gun-metal    sleeve  surrounded  by 
^'iree  concentric  tubes.     There  is  a  small  clearance  between  these 
tallies  which  fills  with  oil  and  permits  the  bearing  to  run  slightly 
^ccintric  to  counteract  any  lack  of  balance  in  the  shaft.     Thus 
^•^e  shaft  may  revolve  about  its  center  of  gravity,  and  this  oil  bear- 
^  serves  the  same  purpose  as  the  De  Laval  flexible  shaft. 

At  P  is  shown  a  by-pass  valve  by  means  of  which  live  steam 
^Jiy  be  admitted  to  the  space  E,  if  desirable.  Of  course  this 
^educes  one  stage  of  the  expansion,  with  a  corresponding  loss  of 
economy,  but  will  increiise  the  power  of  the  turbine.  If  the  con- 
denser fails  on  a  condensing  turbine  it  may  still  be  run  at  full  load 
^y  opening  the  by-pass  valve. 
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Steam  is  admitted  to  this  turbine  in  pufiFs  through  a  recipro- 
cating valve.  A  fly-ball  governor  regulates  the  admission,  which 
is  always  at  boiler  pressure. 

For  electric  generators  the  turbine  has  many  advantages, 
among  them  high  speed  and  direct  connection.  They  have  small 
foundations  and  take  up  little  space ;  there  is  slight  loss  f roiu  fric- 
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tion  and  few  parts.     Where  slow  speed  is  desired  a  reciprocating 
engine  is  probal^ly  the  best. 


STEAM  ENGINE  INDICATORS. 


A  most  important  question  concerning  a  steam  engine  is, 
"What  is  its  horse-power?  "  or  ''  How  much  work  will  it  do  in  a 
given  time?" 

Work  is  defined  as  pressure,  force,  or  resistance  multiplied  by 
the  distance  through  which  it  acts. 

Power  is  work  done  in  a  specified  time. 

In  the  steam  engine,  steam  is  the  agent  by  means  of  which 
heat  is  transformed  into  mechanical  work.  It  is  the  heat  in  the 
steam  that  does  the  work,  not  the  steam  itself. 

Work  is  obtained  from  the  heat  in  steam  by  confining  it  in  a 
closed  cylinder  which  is  fitted  with  a  piston  and  a  piston-rod. 
Steam  is  admitted  at  one  side  of  the  piston  while  the  other  is  open 
to  the  atmosphere  or  in  comniunication  with  a  condenser.  The 
pressure  of  steam,  usually  75  to  150  pounds  per  square  inch,  forces 
the  piston  to  the  other  end  of  the  cylinder,  driving  out  the  low- 
pressure  steam  in  front  of  it.  When  it  arrives  at  the  otlier  end, 
steam  is  admitted  to  that  end  and  the  piston  is  driven  back. 

The  piston  moves  because  the  pressure  on  one  side  is  greater 
than  that  on  the  other. 

In  order  to  move  the  piston,  work  nmst  be  performed.  Tlie 
amount  of  work  is  easily  found,  since  work  equals  total  pressure 
multiplied  by  the  distance  through  which  the  piston  moves. 

Suppose  a  piston  is  2  square  feet  in  area  and  steam  at  a 
pressure  of  64.7  pounds  per  square  inch  acts  on  it  during  the 
entire  stroke  of  4  feet ;  the  other  side  of  the  piston  being  in  com- 
munication with  the  atmosphere.  The  total  pressure  is  then 
2  X  144  X  64.7  =  18,633.6  pounds.  If  this  pressure  acts 
through  4  feet  it  is  evident  from  the  definition  that  the  work  done 
per  stroke  will  be, 

18,688.6  X.  4  =  74,534.4  foot-pounds. 
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Another  method  is  ss  follows:  The  pressure  on  the  above 
piston  is  64.7  X  144  =  9316.8  pounds  per  square  foot.  The 
volume  swept  by  the  piston  during  one  stroke  is  2  X  4  =i  8  cubic 
feet.  If  we  multiply  the  pressure  per  square  foot  by  the  volume 
or  9316.8  by  8,  we  get  74534.4  foot  pounds,  the  same  result  as 
before.  Thus  we  see  that  work  equals  unit  pressure  multiplied 
by  volume. 

Let  P  ==  pressure  on  the  piston  in  pounds  per  square  foot. 
•      p  =  pressure  on  tlie  piston  in  pounds  per  square  inch. 
A  =  area  of  piston  in  square  inches. 
L  =:  length  of  stroke  in  feet. 

V  =  volume  swept  by  piston  in  one  stroke  in  cubic  feet 
W  =  work  done  in  foot-pounds. 
Then  from  the  above  example, 

Work  =  unit  pressure  nmltiplied  by  volume, 
or,     W  =  P  X  V 

It  is  evident  that  P  —  144  />,  and  V  =  -  -    --  X  L. 

144 

Then  we  have  these  expressions  for  work, 

W  =.V  XV  =  144  ^>  X  V  ^  144  7>  X     '—    X  L  =  p  L  A. 

144 

Suppose  stejini  is  admitted  to  the  cylinder  during  the  whole 
stroke,  as  in  the  above  exaniphs  tliat  is,  one  end  of  the  cylinder  is 
in  communication  with  the  lH)iler.  Tlie  other  end  is  open  to  the 
atmosphere.  If  we  draw  two  lines  at  right  angles  to  each  other, 
as  O  Y  and  O  X  in  Fig.  1,  the  volume  of  steam  for  any  position 
may  be  represented  by  some  distance  measured  on  the  line  O  X. 
Similarly  the  pressure  of  the  steam  at  any  position  of  the  piston 
may  be  represented  by  tlie  length  of  a  vertical  line  parallel  to  the 
line  O  Y. 

In  the  above  example,  the  area  of  the  piston  was  2  squai-e 
feet,  the  length  of  stroke  4  feet  and  the  pressuie  by  gage  50 
|X)unds.  Then  we  let  ()  A  :=  the  atmospheric  pressure  =  14.7 
pounds.  At  the  beginning  of  the  stroke  the  pressure  (absolute) 
is  14.7  _|_  50  =  64.7  pounds,  represented  by  the  distance  O  B,  or 
A  B  =  50  pounds  pressure.  When  the  piston  has  passed  through 
I  of  the  stroke  it  is  represented  as  the  point  1,  or  B  1  is  the 
volume  swept  through  when  the  piston  has  completed  ^  of  the 
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stroke.  At  this  point  the  pressure  is  aho  64.7  pounds  as  repre- 
sented at  1'.  Similarly,  when  the  piston  is  at  2,  3,  and  4  the  cor- 
responding  pressure  is  2',  3',  4'.  Since  the  pressure  Ls  constant 
the  line  It  D  is  parallel  to  O  X.  We  see  from  tlie  above  that  50 
pounds  is  the  net  [jreasure  acting  on  the  piston  during  the  stroke, 
and  is  represented  by  A  B  and  lines  parallel  to  it.  Tlie  volunu's 
are  repi-esented  by  the  hori/.ontal  lino  A  C.  Then  since  W  =  P 
X  V  it  also  equals  O  B  X  O  X  whi';h  is  evidently  the  area  of  the 
rectangle  O  B  D  X.  The  area  of  the  nwbinglc  O  11  I>  X  is  pfo- 
portinnal  to  the  work  done  by  the  at«ain. 

In  Fig.  1,  one  inch  on  the  lino  O  Y  —  40  pounds,  then  O  B 
Y 


1.6175  inches  long 
Niiice  it  representa  64,7 
poinids.  Similarly  O  A 
must  he  .367.)  inch  since 
it  represents  14.7 
jtounds.  The  line  A  0 
is  2  inches  long;  then 
referring  to  Ihe  preced- 
ing example,  cue  inch 
ill  length  ^  §  =z  4  cubic 
feet. 

Since  the  rectangle 
OBDX  is   1.6175  by 


I 


a' 


4' 


,f> 
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2  inches,  the  area  Ls  Z.2Z^>  sipiai-e  inches,  lint  one  incli  in  height 
equals  40  pounds  pi-esaure  and  one  inch  in  length  t-qtuils  2  cubic 
feet.  Then  p  V  =i  40  X  S.S-'i')  X  4  =  517.6  font-iKninds  and, 
W  =  144  y  V  ;=  517.0  X  144  —  74,534.4  foot-poumln. 
In  the  above  cylinder  the  pressiui;  acting  on  one  side  of  the 
piston  was  64.7  jwunds  per  square  inch.  There  was  also  a  i)rpMS- 
ure  of  14.7  pounds  per  square  inch  (the  atmospheric  pi-essnrc)  ai't- 
ing  in  the  opposite  direction.  Then  the  work  done  against  the 
steam  pressure  Ja  represented  by  the  area  O  A  C  X  and  is  equal 
to  141  y  V  =^.  144  X  14.7  X  8  =  10934.4  foot-pounds.  Then 
since  OBDX  represents  the  totsil  work  done  on  one  side  of  the 
piston  and  O  A  C  X  represents  the  work  done  againut  the  piston 
the  difference  A  B  D  C  represents  the  net  work.  This  net  work 
is  represented  by  the  sliadedarea.    Also  if  tlie  amount  of  work  done 
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on  the  piston  is  74,534.4  foot-pounds  and  the  work  done  against 
the  piston  is  16,934.4  foot-pounds,  the  net  work  is  the  difference, 
or  57,600  foot-pounds. 

In  tliis  tlieoretical  discussion  the  same  result  may  be  obtained 
by  subtractuig  the  atmospheric  pressure  or  back  pressure  from  the 
absolute  initial  pressure  and  u^ng  the  difference  as  the  value  of 
p.     This  value  of  p  is  called  the  mean  effective  pressure. 

Then  64.7  —  14.7  =  50  and 

W  z=  144  JO  V  =  144  X  50  X  8  zz:  57,600  footrpounds. 

The  area  is  proportional  to  the  work  done  whatever  the 
shape  may  be ;  provided  the  line  B  D  represents  the  relation 
between  pressures  and  volumes  on  the  steam  side  of  the  piston 
and  the  lower  line  A  C  represents  the  relation  between  pressures 
and  volumes  on  the  exhaust  side.  If  the  engine  is  of  the  con- 
densing type  the  line  A  C  will  be  nearer  O  X,  which  is  the  line 
representing  absolute  vacuum. 

Whatever  the  shape  of  the  diagram,  the  area  is  equal  to  the 
area  of  a  rectangle  of  the  same  length  and  a  height  equal  to  the 
mean  height,  or  mean  ordinate  as  it  is  called.  The  mean  ordinate 
represents  the  mean  or  average  net  pressure  on  the  steam  side  of 
the  piston.  Then  we  can  follow  these  rules  in  finding  the  work 
of  the  steam  fi-oni  the  diai^ram. 

Midtiplf/  the  area  in  square  inches  hi/  the  scale  of  pressures^ 
hy  the  scale  of  volumes  and  hij  144,  or  ; 

Multiply  the  length  of  the  mean  ordinate  hy  the  scale  of  press- 
ures^ hy  the  lenyih  of  stroke^  and  this  produet  hy  the  area  of  the 
piston  in  square  inches. 

Example:  The  area  of  a  diagram  A  B  D  C  like  tliat  of  Fig. 
1  is  G.3  square  indices  and  its  length  is  8  inches.  The  scale  of 
pressure  is  30  pounds  per  ineli  and  the  scale  of  volumes  is  1.99985 
cubic  feet  to  the  inch.  If  the  piston  is  20  inches  in  diameter  and 
the  length  of  stroke  2|  feet,  what  is  the  work  done  per  stroke  ? 

Solution : 
W  =  area  of  diagram  X  scale  of  pressures  X  scale  of  volumes  X  144. 

=  0.3  X  30  X  1.99985  X  144  =  54,428  foot-pounds, 
W  =  mean  ordinate  X   scale  of  pressures   X    area  of  piston   X 

length  of  stroke. 
=  2.1  X  30  X  314.159  X  2|  =r  54,428  foot-pounds. 
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Thus  we  see  that  we  get  the  same  result  by  botli  rules.  The 
latter  is  the  more  common  method  Lecauso  the  mean  ordinate  is 
easily  found  and  the  scale  of  volumes  seMom  considered. 

In  our  consideration  of  Fig,  1,  steam  was  admitted  to  the 
cylinder  during  the  entire  stroke.  In  modem  engines  this  metliod 
is  rarely  used;  instead,  steam  is  admitted  during  part  of  the 
stroke  then  the  communication  to  the  boiler  is  cut  off,  and  the 
steam  in  the  cylinder  allowed  to  expand,  as  the  piston  moves  for- 
ward, until  it  fills  the  entire  volume  of  the  cylinder.  This  is  rep- 
resented graphically  in  Fig.  2. 

Steam  is  admitted  to  the  cylinder  until  the  piston  reaches 
the   point  2  which  repi-e-    „ 


sents  one-half  the  volume 

of  the  cylinder      Then  the 

cylinder    is    lialf    full    of 

steam,  that  is,  it  contains 

I   =;  4   cubic  feet       The 

four  cubic   feet   of   steam 

expand  until  they  fill  the 

cylinder.      Since    theic   is 

the  same  weight  of  steam 

present  at  everj   point   in 

the  stroke  and  the  volume 

continued  to  increase,  the 

pressure    must     diminbh. 

This  is  shown  in  Fig.  2.     The  line  H  2' 

pressure  remains  constant  to   the    point 


KlH.  2. 


4  horizontal  Itecause  the 

(.f   cut   off.     Then   tlie 

pressure  begins  to  fall  sis  is  represented  by  the  curved  line  2'  E. 

This  cur>'e  is  nearly  an  etpiihiteral  hyperlMila, 

From  Fig,  1  we  know  that  the  area  B  2'  '2  A  is  pro])ortional 

to  the  work  done  while  the  piston  moves  from  A  to  2  or  during 

tlic  first  half  of  the  stroke.     If  we  use  the  same  data  a.-*  we  di<I  in 

Fig.  1.  the  work  done  must  lie  one-half  the  work  dune  in  the  first 

57600 

case,  or , 

2 

easily  found  since  it  is  a  rectangle.     (The  area  2'  £  C  2  is  found 

by  dividing  it  up  into  small  sections,  by  calculus  or  by  the  use  of 

a  plan!  meter. 


28800  foot-pounds.     Also  the  a 


I  IJ  2'  : 
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It  is  easily  seen  that  the  area  of  the  second  case  Fig.  2,  is 
less  than  that  of  Fig.  1.  Therefore  the  work  done  is  less ;  but 
tlio  amount  of  steam  admitted  is  only  one-half  as  much  as  in  the 
fii-st  case. 

In  the  firet  case,  Fig.  1,  8  cubic  feet  of  steam  at  50  pounds 
pressure  were  admitted  per  stroke  and  the  work  done  was  found 
to  be  57600  f(>ot-iK)unds.     In  the  second  case  only  half  as  moch 

steam  is  admitted  and  the  work  done  is  — - —  +     ^^^^'    amount 

Jd 

represented  by  the  area  2'  K  C  2.     Thus  we  see  that  tliero  is  a 

considerable  gain  by  expanding  the  steam. 

Watt's  Diagram  of  Work.     Fig.   3   ilhisti-ates  the  method 

adopted  by  James  Watt  to  show  the  action  of  steam  in  the  cylio- 
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der.  The  horizonUiI  line  A  C  called  the  abscissa  represents  €bB 
length  of  the  stroke  and  is  divided  into  Um  equal  jmrts.  The  ver- 
tical line  A  B  called  the  ordinate  indicates  tlie  pressure  of  steam* 

When  the  piston  has  moved  to  the  i)oint  E  steam  is  cut  ofl^ 
that  is,  a  volume  of  steam  ecpial  to  J  the  volume  of  the  cylinder 
expands  until  it  fills  the  entire  cyhnder.  The  area  may  be  found 
by  adding  the  several  pressures  (shown  by  the  dotted  lines),  divid- 
ing by  the  number  of  divisions,  and  multiplying  by  the  length. 

If  by  some  arrangement  of  steam  tight  pistons  working  in  cyl- 
inders and  having  jKMieils   fastened  to  them,  we  could  get  a  dia- 
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gram  like  that  shown  iii  Fig.  3  it  would  be  of  great  use  but  too 
large  for  convenience. 

To  obtain  the  same  diagram  on  a  small  scale  an  indicator  is 
used.  Tlie  vidue  of  such  a  diagram  lias  already  been  shown  when 
finding  the  work  done  in  the  cylinder.  The  indicator  has  enabled 
engineers  to  bring  the  engine  of  today  to  its  present  state  of  excel- 
lence. A  correct  idea  of  the  action  of  steam  in  the  cylinder  can 
be  obtained  only  by  means  of  an  indicator.  It  shows  wh<^ther  or 
not  the  valves  are  set  properly  and  how  the  condens(»r  is  working. 
It  also  shows  the  engineer  which  end  of  the  cylinder  is  doing  the 
most  work.  By  comparyig  the  expansion  line  with  an  equilateral 
hyperbola,  with  a  cui-v-e  of  constant  steam 
weight,  or  with  an  adiabatic  curve  for 
steam,  the  cylinder  condensation  is 
cidculated. 

James  Watt  was  the  first  to  see  the 
need  of  accunite  knowledge  of  the  action  of 
steam  in  the  cylinder.  He  invented  the  in- 
dicator. The  improved  form  consisted  of  a 
steam  cylinder  S,  about  one  inch  in  diam- 
eter and  six  inches  long,  in  which  a  solid 
piston  P,  is  accurately  fitted.  A  spiral 
spring  A,  is  attached  to  this  piston,  and 
controls  the  motion  of  a  pencil  a,  which 
is  also  attached  to  the  piston.  This 
pencil  can  o[)erate  on  a  sheet  of  paper 
fastened  to  a  sliding  board,  B.  This  board 
moves  back  and  forth  by  means  of  a  weight  at  one  end  and  a  cord 
at  the  other  which  is  connected  to  some  recii)rocating  j)art  of  the 
engine.  The  indicator  cylinder  S,  may  be  put  in  coinnuinication 
with  the  engine  cylinder  by  means  of  the  cock  C.  With  thic 
instrument  a  complete  diagi'am  can  be  taken. 

Watt's  first  indicator  had  no  lateral  motion,  tliorefore  all  it 
showed  was  the  pressure  of  steam  in  the  cylinder  and  the  perfec- 
tion of  the  vacuum. 

INDICATORS. 

The  diagram,  or  card  as  it  is  often  calletl,  obtained  by  the  use 
of  an  indicator  is  the  result  of  two  motions.    The  horizontal  moye^ 
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ment  of  the  paper  corresponds  exactly  to  the  movement  of  the 
piston,  and  tlie  vertical  movement  of  the  pencil  is  an  exact  ratio 
to  that  of  the  pressure  of  steam  in  the  cylinder.  The  diagram 
represents  hy  its  length  the  stroke  of  the  engine  and  by  its  height 
the  steam  pressure  on  the  piston  at  the  corresponding  point  of  the 
stroke.  The  diagram  shows  the  action  of  steam  on  one  side  of 
the  piston  only ;  to  obtain  the  same  information  in  regard  to  the 
other  side  it  is  necessary  to  take  another  diagram  from  the  other 
end  of  the  cylinder. 

The  essential  features  of  an  indicator  are  found  in  the  instru- 
ment invented  by  James  Watt.  Since  his  time,  however,  the 
many  improvements  have  made  the  indicator  light,  compact,  dura- 
ble, and  accurate.  Watt*s  diagram  Wiis  traced  on  paper  stretched 
on  a  sliding  board  but  now  a  revolving  drum  is  used.  The  height 
also  of  Watt's  diagram  was  equal  to  the  movement  of  the  spring, 
and  the  pencil  arrangement  was  a  simple  contrivance.  In  the 
indicators  of  the  present  day,  the  spring  has  a  slight  movement, 
the  height  of  the  card  being  obtained  by  a  multiplying  arrange- 
ment of  levers.  Tliis  method  requires  a  parallel  motion  to  obtain 
accuracy  in  the  vertical  lines ;  for  if  a  lever  is  pivoted  at  one  end 
and  power  applied  near  the  pivot  the  lever  tends  to  rise  and  the 
free  end  will  describe  an  arc  of  a  circle,  not  a  straight  vertical 
line. 

THE   THOnPSON    INDICATOR. 

Two  views  of  the  American  Thompson  Indicator,  the  outside 
and  the  inside,  are  shown  in  Figs.  5  and  6.  The  form  of  spring 
is  shown  in  Fig.  7.  The  indicator  consists  of  a  cylinder  in  which 
a  piston  is  fitted,  a  spring,  multiplying  lever  and  parallel  motion 
for  the  pencil  and  a  cylinder  or  drum  for  the  paper.  The  piston, 
which  is  .798  inch  in  diameter  =  I  square  inch  in  area,  is  fitted 
accurately  to  the  cylinder  and  has  a  travel  of  about  one-half  inch. 
When  the  pressure  of  steam  forces  the  piston  upward  it  com- 
presses the  spring  above  it ;  the  amount  of  compression  varies  with 
the  strength  of  the  spring.  The  rise  of  the  piston  causes  the 
pencil  to  rise  because  of  the  system  of  levers.  The  cylinder  to 
which  the  paper  is  attached  rotates  by  means  of  a  cord  which  is 
iastened  to  some  pait  of  the  engine,  the  crosshead  foi  example* 
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While  the  drum  revolves  and  tlie  steam  pressiire  forces  the  piston 
to  rise,  the  pencil,  lightly  touclung  the  paper,  decribcs  the  diagram. 
Tlie  pamllel  movement  of  this  indicator  is  obtained  by  a  link 
attached  directly  to  the  lever.  It  is 
60  constructed  that  there  is  but  little 
Inst  motion,  hardly  any  friction  And 
no  appreciable  eiTor  within  the  limited 
movement  of  the  pencil. 

The  (Kiper  cylinder  is  so  con- 
structeil  that  the  tension  of  the  coiled 
spring  within  the  drum  may  be  altered 
for  different  speeds  of  the  engine.  By 
this  means  the  cord  can  be  kept  taut 
with  little  trouble.  Tiie  cord  is  led 
through  a  hoie  and  kept  in  contact  . 
with  the  scored  wheel  by  another 
small  one.  By  this  means  tlie  cord 
can  be  run  to  any  angle.  It  Is  con- 
venient to  have  tlie  cards  of  about  the  same  size.  If  we  used  a 
1-  '  -J  spring  of  such  a  tt'iision  tliat  the 

R  I^H  pencil  would  move   one   inch   for 

^H  eveiy  00  t)0iind8  pressure,  and  there 

h  '1^1  ^^...^^V  ^^^  ^"^  ^^  ponnds  pressure  in  the 
lJ^^■^3-J  engine  cylinder,  the  diagi-ain  «ould 
I  HH  AjEHA  ^^  ^^^  one-half  in'h  Ijigli.  This 
I^^H^  B^BJH^  diagmni  would  lie  too  small  for 
accurate  work.  For  this  reasoa 
indicators  are  provided  with  sets  of 
springs  of  varj'iug  stiffness  wliicli 
may  be  used  according  to  the  stciim 
pressure.  If  a  spring  is  of  such 
stiffness  that  the  pencil  moves  1 
inch  for  everj'  40  pounds  pressure 
it  is  called  a  -JO  jiound  spring. 
Others  are  called  10  pound,  20 
pound,  80  pound,  etc.,  springs. 
To  Change  the  Sprines.     In  selecting  the  spring  for  a  given 


Fig.  «. 


care  should  be  taken  that  it  will  easily  stand  that  press- 
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ure.     A  safe  rule  to  follow :  multiply  the  scale  of  the  spring  by 
2^  and  subtract  15  for  the  vacuum. 

For  example:  The  maximum  pressure  for  a  50  pound  spring 
is  110  pounds,  because  (50  X  2i)  —  15  =  125  —  15  =  110. 
Springs  are  made  in  the  following  scale:  8, 10,  12, 16,  20,  24,  30, 
32,  40,  48,  50,  56,  60,  64,  80,  100.  For  pressures  from  70  to  90 
pounds  a  40*  pound  spring  should  be  used,  as  80  pounds  pressure 
on  a  40  pound  spring  will  i*aise  the  pencil  2  inches,  and  this  is  a 
good  height  for  the  diagram. 

If  very  high  pressures  are  to  be  indicated,  an  extra  piston, 
having  an  area  of  ^  square  inch,  is  used.  This 
doubles  the  allowable  pressure  on  tlie  spring.  For 
instance,  if  a  8j)rintr  can  be  used  for  110  pounds  pres- 
ure  when  the  piston  is  \  inch  in  area,  it  can  be  used 
for  220  pounds  pressure  if  the^  inch  piston  is  used. 

When  the  spring  hiis  been  selected  it  is  placed 
in  the  indicator.  First  unscrew  the  milled  nut  at 
the  top  of  the  steam  cylinder  and  take  out  tlie  piston 
with  arm  and  connections.  The  pencil  lever  and 
piston  are  disconnected  by  unscrewing  the  small- 
headed  screw  which  connects  them.  If  a  spring  is 
connected  to  the  piston  it  should  be  removed,  the 
selected  one  substituted  and  the  indicator  put 
together.  The  spring  should  always  be  firmly 
screwed  to  tlie  shoulder  or  the  pencil  will  not  Yig,  7. 
properly  indicate  the  pressure. 

Care  of  the  Indicator.  Before  attiiching  the  indicator  to  the 
engine  cylinder  it  should  be  tiiken  apart,  cleaned  and  oiled.  If 
each  part  works  freely  and  smoothly  the  spring  may  be  put  in  and 
the  indicator  put  together.  After  connecting  to  the  cylinder, 
admit  steam  to  it,  but  do  not  take  cards  until  it  is  thoroughly 
warmed  and  blows  dry  steam  througli  the  relief.  It  is  not  neces- 
sary to  use  lead  in  connecting  as  it  is  likely  to  get  into  the  indi- 
cator. After  using,  take  the  indicator  apart,  clean  and  oil.  Only 
porpoise  or  fine  watch  oil  should  be   used. 

THE  CROSBY  INDICATOR. 

The  internal  arrangement  of  the  parts  of  the  Crosby  Indicator 
*  Note  :  In  practice  it  is  better  to  use  a  somewhat  stiffer  spring. 
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is  shown  in  Pig.  8.  Tlie  piston,  8,  is  formed  with  shallow  channels 
nn  its  outer  surface  to  retAin  oil  which  prevents  Icalciige  and 
lubricates  the  piston. 

The  socltot  in  tlie  center  of  the  piston  is  supjioiUiil  hy  a  cen- 
tral web  and  projecta  both  upward  and  dowinvard.     The  upper 


^^^MB 


portion  is  thi-eaded  inside  to  receive  the  lower  end  oi  the  jjiston 
rod.  It  has  a  vertical  slot  wliich  allows  the  bidl  bearing  on  the 
end  of  the  spring  to  drop  into  a  concave  hearing  ou  the  upper  end 
of  the  piston-screw,  9,  which  is  screwed  into  tho  lower  part  of  the 
socket. 

The  piston-rod,  10,  is  made  hollow,  with  the  lower  end 
threaded.  When  the  piston-rod  Is  connected  to  the  socket,  the 
fonner  should  be  screwed  into  the  socket  as  far  as  it  will  go. 

Tbe  height  oi  the  atmospheric  Une  on  the  diagram  depends 
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upon  the  Hiiioiuit  the  swivel  head,  11,  is  screweii  into  tht!  top  {>f 
the  pistou-i-od, 

A  small  projection  on  the  lower  side  of  this  (sap  in  thi-eiulcd 
to  screw  into  the  top  of  the  spring  and  hold  it  firmly  iii  phiw. 
The  moviny  parts  are  kept  in  line  hy  this  ciip.  The  pencil 
mechanism  is  supi>ortiHl  liy  the  sleeve  3,  which  suirounds  the 
npper  part  of  the  cylinder;  it  turns  freely  and  is  held  in  positiun 
by  the  cap. 

The  pencil  meelianism  is  made  as  light  as  is  consistent  nitli 
etrengtli  and  stiffness.  The  pencil  moves  exactly 
parallel  to  the  piston  because  the  fuleriiin  of  the 
mechanism  and  the  point  of  attachment  to  the 
piston-rod  are  always  in  a  straight  line.  The 
[>eiicil  point  moves  six  times  as  f;ir  as  the  piston 
because  of  the  mtdtiplyiiig  levers. 

'Hie  drum  24,  is  one  and  one-liidf  inches  in 
diameter,  and  is  rewound  when  the  string  is  jmlled, 
by  a  short  spiral  spring  31. 

The  piston  spring  is  made  of  a  single  piece 
of  Btcel  wire  wound  fnmi  Uic  middle  into  a 
double  coil.  The  ends  are  screwed  into  a  lu'ass  licad 
having  four  riidial  wings.  At  the  Ijottnm  nf  tliu 
spring  a  small  steel  iH'ad  is  lirndy  iittaclLrd  to  the.  wire.  ThiB 
forms  ii  hall  and  soelvct  joint  with  the  lower  end  of  the  piston-rod. 
This  joint  is  light  anil  allows  the  spring  tn  yield  to  pressure  from 
any  direction.  These  springs  are  niaile  in  the  following  scale; 
■  8,  12,  16,  20,  24,  30,  40,  50,  00,  80,  100,  120,  150,  and  lf*0. 

To  Insert  the  5pring.  First  unscrew  the  cap  2,  then  lift  the 
connected  parts  free  frotn  the  cylinder  by  means  of  the  sleeve. 
The  hollow  wi-ench  should  he  lield  in  an  iiiverted  position  and 
the  piston-rod  inserted  until  the  hexagolial  part  engages  the 
wrench.  Then,  having  the  spring  shown  in  Fig.  9  inverted, 
insert  the  combined  wrench  and  piston-rod  until  the  steel  bead 
and  the  end  of  the  spring  rests  in  the  concave  seat.  Now  invert 
the  piston  and  pass  the  transverse  wire  at  the  Ixittom  of  the  spring 
through  the  slot  nntil  the  thi-eads  at  the  bottom  of  the  piston-rod 
engage  those  inside  the  socket  of  the  piston.  With  the  wrend* 
screw  it  in  as  far  as  it  will  go. 
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The  piston  screw  sliould  be  loosened  slightly  Ix^foiv  the 
piston-rod  is  screwed  in,  and  afterward  set  up  agjiinst  the  U'ad 
lightly  to  prevent  lost  motion.  Then  with  the  sleeve  and  cap 
upright,  engage  the  threads  of  the  swivel  bead  with  those  inside 
the  piston-roil  and  screw  it  up  until  the  lower  projection  of  the 
cap  engager  the  threads  inside  the  spring  top;  continue  the  process 
until  the  spring  is  screwed  up  firmly  against  the  cap.  Holding 
only  by  the  sleeve  3,  turn  the  piston  and  the  connections  nntil 
the  top  of  the  piston-rod  is  flnsli  with  the  shoulder  on  the  swivel 
head. 

NoAV  that  the  piston  and  all  the  connections  are  in  th(»ir 
places,  the  whole  may  be  inserted  in  the  cylinder  and  the  ca[) 
screwed  down,  which  will  fix  all  parts  in  their  proper  placts. 
If  there  is  a  spring  in  the  cylinder  first  detach  by  reversing  the 
above  process. 

THE  TABOR   INDICATOR, 

The  Tabor  Indicator  is  shown  in  Fig.  10.  ft  is  used  exten- 
sively in  the  navy.  The  principle  of  action  and  details  of  con- 
struction are  similar  to  the  indicators  alreadv  described  ;  the  chief 
peculiarity  being  the  means  employed  to  obtain  a  straight  line 
movement  for  the  pencil.  Inside  the  steam  cylinder  is  a  lining  in 
which  the  piston  moves.  This  lining  can  expand  when  heated. 
In  the  side  of  the  cylinder  small  holes  allow  any  steam  which  ]nay 
leak  by  the  piston  to  escape.  The  piston-roJ  is  connected  at  one 
end  to  the  piston  by  means  of  a  ball  and  socket  joint;  the  other 
end  is  connected  to  the  pencil  mechanism. 

The  pencil  mechanism  consists  of  three  pieces,  the  pencil 
lever,  the  back  link,  and  the  piston-rod  link.  The  two  links  are 
parallel  for  every  position  of  the  pencil.  Thus  the  lower  pivots 
of  these  links  and  the  pencil  j)oint  are  always  in  the  same  straight 
line.  The  straight  line  movement  of  the  pencil  is  ol)tained  by 
means  of  a  curved  slot  in  a  stationary  plate.  The  pencil  bar  is 
provided  with  a  roller  which  is  fitted  in  such  a  manner  that  it  can 
roll  from  one  end  of  the  slot  to  the  other.  The  curves  of  the  slot 
guides  the  pencil  bar  and  is  of  such  a  radius  that  the  pencil  is 
caused  to  move  in  a  straight  line.  The  curve  compensates  for  the 
tendency  of  the  pencil  point  to  move  in  an  arc  of   a  circle.     The 
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preesiire  of  the  pencil  on  tlio  [Miper  is  regulated  Ly  n  screw  which 
strikes  ii  stop  pktc  attnclicd  to  tlie  fmiiie.  The  end  of  the  pencil 
bar  is  formed  for  eith«r  a  pencil  lead  or  a  metallic  marking  [toint. 

The  drum  for  the  pa,i«!r  is  made  einiilar  to  tliose  of  other 
indicatora.  The  Imckward  movement  is  obtained  by  a  flat  spiral 
spring  placed  under  the 
drum.  The  tension  of 
this  spring  is  altered  by 
loosening  a  thumljscrew, 
lifting  the  carriage,  and 
winding  or  unwinding. 
A  simple  pulley  guides 
the  driving  cord  in  any 
direction. 

The  indicator  is  at- 
taclied  by  a  coupling 
having  a  single  thread. 

The  springs  of  the 
Tabor  indicator  are  of 
the  duplex  type,  that  is, 
they  are  made  of  two 
spiral  coils  of  wire.  A 
50  pound  spring  is 
shown  in  Fig.  11.  The 
wire  terminates  in  fit- 
tings at  each  end.  Tlir  spring  is  attached  to  tlic  up[)er  side  of  the 
piston  by  means  of  tlm-ails  cut  on  thi'insiilcof  tlic  fitting  and  on  a 
priijfction  on  the  piMt<)M.  The  top  of  the  s]uing  la  attached  to  the 
under  side  of  the  cover  in  a  einiilar  manner.  The  springs  are 
jnade  in  the  following  scales,  S,  10,  1-2,  Ki,  20,  2-J,  SO,  S2,  40,  48, 
.50,  GO,  Gt,  80,  and  100  pounds.  The  maximum  safe  steam  pres- 
sures (absolute)  to  which  these  springs  may  be  subjected  are 
resi)ectively,  10,  15,  20,  24, 40,  48,  70,  "5,  il5,  112, 120,  140, 152, 
180,  and  200  pounds. 

Change  of  Location  of  Atmospheric  Line.  Unscrew  the  cap 
and  lift  tlie  sleeve  and  connections  from  the  cylinder.  Then  turn 
the  piston  to  the  left  or  right  according  as  ttie  pencil  is  to  ho 
raised  or  lowered.  One  revolution  causes  the  pencil  to  liso  i 
inch. 
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Care  of  the  Indicator.  Before  attaching  the  indicator  to  the 
engine,  steam  should  be  blown  through  the  pipes  and  cocks  ho 
that  all  piirticles  of  dust  may  be  removed.  After  using,  the  indi- 
C4itor  should  be  carefully  wiped  and  oiled.  The  cylinder  cap 
should  be  unscrewed  and  all  the  parts  connected  to  the  i)iston 
removed.  The  j)iston  spring  and  piston-rod  should  be  <letiiched, 
carefully  wiped  dry,  and  then  oiled.  The  inside  of  tlie  cyhnder 
also  should  he  oiled.  Then  the  piston  and  piston-rod  should  Ije 
jilaced  in  the  cylinder  and  the  spring  placed  in  the  box.  If  the 
indicator  has  not  l^een  used  for  some  time  the  oil  may  have  become 

gummed.  It  may  be  easily  cleaned  by  wiping  with 
a  cloth  siiturated  with  naphtha  or  benzine.  It  must 
lie  oiled  again  Ijefore  using.  A  good  t(»st  that  the 
indicator  is  iu  projier  working  order  is  to  (U'Uich  the 
spring  and  after  replacing  the  piston  and  piston-rod, 
raise  the  pencil  to  the  highest  point.  When  allowed 
to  fall  it  should  descend  to  the  lowest  point  freely. 
The  pencil  should  always  have  a  smooth  fine  point. 
To  Attach  the  Indicator  to  the  Engine.  Usually 
all  first-class  engines  are  prepared  for  the  indicator 
before  leaving  the  factory.  Hoicks  are  drilled  and 
tapped  in  the  cylinder  and  have  plugs  screwed  in  them.  These 
plugs  are  easily  removed  and  the  indicator  connections  screwed  in. 
When  this  is  not  the  case,  any  engineer  can  perform  the 
work.  Before  drilling  the  lioles,  in  the  cylinder,  the  heads  should 
l)e  removed  so  that  the  exact  positions  of  the  pistons  and  the  size 
of  the  ports  and  passages  may  be  known.  Also  with  the  heads  off 
all  chifis  and  particles  of  dii-t  from  drilling  may  l)e  easily  remnvcMl. 
If  it  is  imjKissible  to  remove  the  heads,  a  little  steam  admitted  to 
the  cylinder  just  before  the  di-illing  is  completed  will  blow  the 
chips  out. 

Each  end  should  be  drilled  and  tapped  for  a  one-half  inch 
pipe  thread.  The  holes  must  be  drilled  into  the  clearance  space, 
so  that  the  piston  at  the  ends  of  the  stroke  will  not  cover  them. 
They  should  also  be  placed  so  that  currents  of  steam  will  not  reach 
them.  Before  deciding  just  the  points  at  which  to  drill  the  lioles, 
it  is  well  to  consider  every  plan  of  indicating  the  engine.  The 
type  of  engine,  the  position  of  the  steam  chest,  the  kind  of  cross- 
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head,  and  the  position  of  the  eccentric  and  its  connections  should 
all  be  considered,  as  well  as  the  most  convenient  place  in  the 
engine  room.  'The  holes  should  not  be  drilled  until  the  plan 
shows  the  proper  connections  with  the  reducing  motion,  conven- 
ient access  and  free  passage  of  steam  to  the  indicator. 

When  the  plan  has  been  adopted,  the  engine  should  be  placed 
on  dead  center,  to  determine  the  clearance.  The  holes  should  be 
drilled  into  the  middle  of  the  clearance  space. 

In  common  prac^tice  for  horizontal  engines  the  holes  are 
drilled  in  the  side  of  the  cylinder  at  each  end.  Short  half  inch 
pipes  with  quarter  upward  bends  into  which  the  indicator  coils 
may  be  screwed  are  inserted  in  these  holes. 

It  may  be  more  convenient  to  drill  and  tap  into  the  top  of 
the  cylinder  and  attach  the  indicators  directly. 

For  vertical  engines,  the  upper  head  or  cover  and  the  side  of 
the  cylinder  are  often  drilled  and  tapped  for  the  upper  and  lower 
indicators  respectively.     It  is  preferable  to  connect  the  indicators 


Fig.  12. 

to  the  sides  tecause  less  pipe  and  fittings  are  required  and  better 
results  obtained. 

If  only  one  indicator  is  to  be  used  for  both  ends  of  the  cyl- 
inder, it  may  be  connected  by  side  pipes  and  a  three  way  cock. 
By  this  method  both  diagrams  are  taken  on  the  same  card  and 
with  the  loss  of  but  one  revolution.  Fig.  12  shows  the  section  of 
a  three  way  cock. 

Reducing  notion.  As  we  have  already  seen  the  length  of 
the  card  represents  the  travel  of  the  piston.     As  the  length  of 
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card  is  obtained  1)V  the  rotation  of  the  dnnn  the  motion  of  the 

ft' 

diiim  must  be  taken  from  some  part  of  the  engine  which  has  a 
motion  coinciding  with  that  of  the  piston.  The  crosshead  is  tiic 
most  common,  reliable  and  convenient  part.  The  length  of  tlu» 
card  LS  mnch  less  than  the  travel  of  the  piston  since  tin?  stroke  is 
longer  than  the  circumference 
of  the  drum  so  that  the  move- 
ment of  the  crosshead  must 
be  retluced  to  the  length  of 
the  diagram. 

There  are  several  devices 
employed  to  obtain  this  re- 
duced motion. 

A  8imj)le  form  of  reduc- 
ing motion,  called  the  panto- 
graph, is  shown  in  Fig.  13. 
Four  links,  a,  J,  c*,  rf,  are 
joined  in  the  form  of  a  par- 
allelogram. One  link,  a,  is 
prolonged  and  pivoted  at  the 
crosshead  C.  The  point  where 
b  and  c  join  is  pivoted  at  the 
fixed  point  E.  The  cord  is 
fiistened  at  D  on  the  link  d. 
.  The  j)oint  D  must  be  in  the  straight  liiK*.  connecting'  E  and  0. 
Then  letting  A  B  represent  the  stroke  and  h  the  length  of  the 
indicator  diagram,  we  have 

A  B  :  A  =  E  C  :  E  D,  from  which 

ED=   ^_X_K^^ 
A  B 

Another  form  of  pantograph  is  shown  in  Fig.  14.  It  is  j)laced 
horizontally  with  the  pivot,  B,  resting  on  a  suppoit  opposite  the 
crosshead  when  in  mid-position.  The  pivot  A,  is  attached  to  the 
crosshead  ;  usually  by  having  the  stud  A  inserted  in  a  hole  drilled 
in  the  crosshead.  If  the  pivot  B  is  adjusted  to  the  proper  height 
and  at  the  right  distance  from  the  crosshead,  the  cord  from  the 
indicator  may  be  attached  to  the  pin  E  without  any  pulleys.    The 
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length  of  the  diagram  is  varied  by  adjusting  the  movable  bar  C  Dl 
the  pin  E  must  be  in  the  straight  line  from  A  to  B. 

The  pantograph  is  likely  to  become  shaky  and  loose  on 
account  of  its  many  joints.     If  well  made  it  gives  i)erfect  motion. 

The  reducing  motion  shown  in  Fig.  15,  called  the  Bruml)o 
Pulley,  is  easily  and  quickly  made  and  can  be  used  on  almost  any 
engine.  The  wooden  rod  A  is  usually  about  twice  as  long  as  the 
stroke.  It  is  pivoted  by  a  bolt  or  screw  at  B,  a  fixed  point.  At  the 
lower  end  it  is  connected  by  the  wooden  link,  C,  to  the  crosshead. 


Kii:.  14 

This  link  C  is  usually  alx)ut  one-lialf  tlie  lengtli  of  the  stroke.  The 
sector  S  may  be  made  eitlier  of  wood  or  metal.  It  should  have  a 
groove  in  the  circular  ed^c  for  tlie  cord,  and  is  made  fast  to  the  upper 
end  of  the  lever  A.  Its  center  should  (joincide  with  that  of  the 
pivot  B.  The  length  of  the  radius  of  the  sector  may  be  found  as 
follows.  Divide  the  length  of  the  lever  by  the  lengtii  of  the 
stroke,  multiply  the  result  by  tlic  length  of  the  desired  diagmm 
and  the  product  will  b(»  the  radius  of  the  sector.  For  instance,  if 
the  lever  is  60  inches  long  and  the  stroke  80  inches  and  we  wish 
the  diagram  to  be  3  inches  h)ng,  tlie  sector  should  be  0  inches  in 
radius  for, 
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To  avoid  the  use  of  guide  j)ulh'ys  the  lever  should  be  hung 
so  that  it  will  swing  in  a  vertical  plane  parallel  with  the  guides  and 
in  line  with  the  indicator.     When  the  crosshead  is  at  mid-stroke. 
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the  lever  must  \ye  vertical  and  the  point  D  must  be  below  the  axis 
of  the  cylinder  because  it  comes  above  the  line  at  the  ends  of  the 
stroke. 

The  reducing  lever  used  for  large  quick  running  engines  is 
shown  in  Fig.  16.  The  ro<l  A  is  made  of  pine  wood,  tapering 
toward  the  lower  point  and  al)out  one  inch  in  thickness.  The 
length  is  about  one  and  one-half  times  the  length  of  the  stroke. 
It  is  suspended  by  a  liolt  or  screw  from  some  fixed  point  above  the 
engin(s  and  should  swing  edgewise  and  parallel  to  the  guides  of 
the  crosshead.  The  steel  stud  at  the  lx)ttom  of  the  rod  has  a  T 
shaped  slot  in  an  iron  plate  which  is  attached  firmly  to  the  cross- 
head.  "^The  slot  should  Ije  long  enough  to  retain  the  stud  when 
the  crosshead  is  at  the  end  of  the  stroke.  To  find  the  point  at 
which  the  indicator  cord  should  l)e  attjiched,  divide  the  length  of 


Fig.  15. 


Fig-  10. 


the  lever  by  the  length  of  the  stroke  of  the  piston  and  multiply 
the  quotient  by  the  length  of  the  desired  diagram.  The  product 
Is  the  distance  of  the  point  from  the  pivot  at  the  top  of  the  lever. 
ExanqJe.  A  lever  is  45  inches  hmg,  the  {)iston  stroke  80 
inches  and  the  diagram  to  be  3 1  inches  long.  At  what  distance 
from  the  pivot  should  the  indicator  cord  be  attached  ? 

—  X  31  =  4  J  inches. 
30  *  ^ 

Having  placed  the  indicator  in  position  and  obtained  the 
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reducing  motion,  the  length  of  the  cord  must  be  so  adjusted  that 
the  dnun  will  not  strike  the  stops  at  either  end  of  the  stroke. 

For  convenience  an  approximate  length  of  cord  is  fii'st  found 
and  the  cord  cut  in  two  parts,  one  attivched  to  the  reducing 
motion ;  the  other  to  the  indicator.  A  hook  should  be  fastened  to 
the  free  end  of  the  piece  attached  to  the  indicator.  A  loop  is 
made  in  the  free  end  of  the  piece  from  the  reducing  motion. 
The  hook  is  then  attached  to  the  loop  and  the  extra  length 
of  cord  t^iken  up  by  tying  knots.  Another  method  for  adjust- 
ing the  length  of  the  cord  is  the  arrangement  shown  in  Fig. 
17.  The  hook  A  is  attached  to  the  indicator  cord.  The  cord  B 
from  the  reducing  motion  passes  tli rough  the  holes  in  the  plate  P 
as  shown.  To  adjust  the  length  of  the  cord  it  is  slacked  at  the 
point  B  and  the  plate  slipped  along  the  cord. 


Fig.  17. 

To  Take  Indicator  Diagrams.  The  indicator  should  be  in 
good  working  order  before  attacliing  to  the  cylinder ;  it  should  be 
clean,  well  oiled,  and  the  levers  and  sprini^s  should  work  smoothly. 
The  pencil  point  should  be  sharp  and  the  j)ressure  adjusted  to 
make  a  distinct  fine  line. 

The  spring  should  be  selected  that  will  give  a  diagram  li 
to  2  inches  in  height.  If  the  spring  chosen  is  too  light,  the  lines 
are  likely  to  be   wavy  from  the   vibration  of  the   pencil  levers. 

When  the  indicator  is  in  position  a  satisfactory  reducing 
motion  obtained  and  the  cord  adjusted,  the  paper  should  be 
wrapped  smoothly  arouiul  the  drum.  The  i^lges  projecting  over 
the  clips  should  be  folded  back  so  that  they  will  not  touch  the 
pencil  lever.  Before  taking  the  card,  allow  the  steam  to  enter 
the  indicator  and  move  the  piston  up  and  down  until  the  parts 
have  become  thoroughly  wanned.  Then  pass  the  pencil  against 
the  paper  long  enough  to  take  the  diagram.  Some  engineers 
allow  the  pencil  to  remain  in  contact  with  the  paper  during  but 
one  revolution    of  the  engine;  othei-s  trace  the  diagram  two  or 
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more  times.  After  the  diagram  is  taken  the  cock  is  shut  and 
without  unhooking  the  cord  the  pencil  is  again  j)resse(l  to  the 
paper  to  take  the  atmospheric  line.  The  cord  is  then  disconnected 
and  the  card  removed  from  the  drum.  The  scale  of  spring,  the 
dimensions  and  speed  of  the  engine,  the  date,  and  all  useful  partic- 
ulars are  written  on  the  cards. 

If  one  indicator  is  used  for  both  ends  the  three  way  cock 

shown  in  Fig.  12  is  opened  to  admit  steam  from  one  end,  the 
diagram  taken ;  then  opened  for  the  other  end  and  that  diagnim 
taken.  Then  the  steam  is  shut  off  from  both  ends  and  the  atmos- 
pheric line  taken. 

As  has  been  said  before,  the  indicator  is  of  great  importance 
to  the  engineer.  It  is  used  to  find  the  indicated  hoi-se-power  of 
the  engine,  and  by  comparison  of  the  indicated  horse-power  with 
the  brake  horse-power,  the  mechanical  efficiency  is  obtained.  The 
indicator  card  shows  several  other  things ;  the  time  and  maimer 
of  the  four  events  of  the  stroke,  namely,  the  admission,  cut-off, 
release,  and  compression.  These  four  events  make  up  what  is 
called  the  steam  distribution.  It  shows  faults  in  the  setting  and 
working  of  the  valves. 

We  have  seen  how  the  indicator  diagram  represents  the  net 
work  done  on  the  piston  in  one  stroke. 

Work  is  equal  to  pressure  multiplied  by  the  distance  through 
which  it  acts.  The  distance  is  the  length  of  stroke  multiplied  by 
the  number  of  strokes  per  minute.  I'he  pressure  is  the  averaye 
net  pressure  acting  on  the  piston  during  the  stroke.  This  average 
net  pressure  is  called  the  mean  effective  pressure.  If  we  know 
from  the  indicator  card  the  mean  effective  pressure  per  square 
inch,  we  can  find  the  total  pressure  by  multiplying  it  by  the  area 
of  the  piston  in  square  inches. 

The  distance  per  minute  is  equal  to  the  length  of  stroke 
multiplied  by  the  number  of  strokes. 

Let  P  =:  mean  effective  pressure  in  pounds  per  square  inch. 
A  =  area  of  piston  in  sqiuire  inches. 
L  =  length  of  stroke  in  feet. 
N  =  number  of  strokes  ])er  minute. 

Then  the  work  done  per  minutis 

W  =  PLAN. 
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Since  one  horse-power  is  the  rate  of  doing  work  when  33,000 
foot-pounds  of  work  are  done  per  minute  the  indicated  tiorse-power 
of  an  engine  is  obtained  by  means  of  the  formula, 

H  P  =   PLAN 

33,000 
The  length  of  the  stroke,  the  area  of  tlie  piston  and  the  num- 
ber of  strokes  are  easily  found.     Then  all  that  remains  to  lie 
determined  before  the  hoi^se-power  is  calculated  is  the  value  of  P, 

or  the  mean  effective  pressure. 

Suppose  one  side  of  the  piston  is  in  communication  with  the 

boiler  during  the  entire  stroke,  the  mean  pressure  is  then  the  boiler 

pressure.     But  if  the  supply  of  steam  is  cut  off  before  the  stroke 

is  completed,  the  mean  pressure  will  not  equal  the  boiler  pressure. 

In  Fig.  1  we  saw  that  the  area  of  the  shaded  portion  was  equal  to 

the  length  multiplied  by  the  height.     The  area  of  a  figure  of  any 

shape  can  be  reduced  to  that  of  a  rectangle  having  a  length  equal 

to  the  extreme  length  of  the  figure.     Then  whenever  we  know  the 

area  and  length,  we  can  find  the  height  or  mean  height  by  dividing 

the  area  by  the  length. 

Suppose  a  diagram  like  tliat  shown  in  Fig.  2  has  an  area  of 

5|  square  inches  and  its  extreme  length  is  3.]-  inches  ;  then  the 
height  is  5.25  divided  by  3.5  =  1.5  inclies.  Then  with  any  indi- 
cator card  the  area  of  the  diagram  is  equal  to  the  area  of  a 
rectiingle,  the  length  of  which  is  known  and  tlie  height  can  easily- 

be  computed. 

Suppose  that  we  have  taken  a  card  and  know  that  the  mean 

height  is  1^  inches.     In  order  to  find  the  horse-power  we  must 

reduce  the   1^-  inches  to  pounds  pressure.     If  we  multiply  the 

height  by  the  strength  of  the  spring  we  get  the  desired  result. 

For  instance,  if  we  had  used  a  30  pound  spring  (that  is  one  which 

causes  the  pencil  of  iha  indicator  to  move  one  inch  for  every  30 

pounds    pressure  in   the    cylinder)    the   height   1|    inches   would 

equal  30  X  1^  =  45  pounds  pressure. 

Example.     An  indicator  card  has  an  area  of  1.925  square 

inclies  and   is  2.2  inclies  long.      If  a  GO  pound  spring  is  used 

what  is  the  mean  pressure  ? 

1  9"^  5 
The  mean  heiorht  equals    "  "'    =  .875  inch  and 

^        ^  2.2 

.875  X  00  =  52.5  pounds. 


IM 


j 


THE   NEW   YUKl 

PUBLIC  LIBRARY 


AVTOK,  LXNOZ 
▼TLDBK   FOUNDATTPfJ*- 


INDICATORS.  25 


Suppose  the  engine  from  which  the  above  card  was  taken  had 
a  piston  14  inches  in  diameter  and  a  stroke  of  24  inches.  If  it 
were  running  at  150  revolutions  per  minnte  what  is  its  horse- 
}>ower  ?  Assume  the  mean  effective  pressure  to  be  the  same  for 
both  sides  of  the  piston. 

H  P  -   PLAN 
33,000 
_  52.5  X  2  X  153.94  X  300 

33,000 
=147.     (about) 

In  most  engines  more  work  is  done  at  one  end  of  the  cylinder 
that  at  the  other ;  it  is  not  safe  then  to  assume  the  mean  effective 
pressure  of  one  side  the  same  as  that  of  the  other.  Cards  should 
be  taken  from  each  end  and  calculated  for  mean  effective  pressure 
separately,  then  averaged.  Also  the  area  of  one  side  of  the  piston 
is  greater  than  the  other  on  account  of  the  piston-rod.  Tlie  two 
ends  may  be  figured  sepamtely  or  the  average  area  of  the  two  sides 
of  the  piston  may  be  used  as  the  value  of  A. 

Another  method  is  to  find  the  work  done  at  each  end  of  the 

cylinder  and  then  add  the  results.     Tliis  enables  the  engineer  to 

know  if  his  valves  are  set  so  that  each  end  does  about  the  same 

amount  of  work. 

An  engine  has  the  following  dimensions.     The  piston  is  12 

indices  in  diameter,  the  piston-rod  is  2  J  inches  in  diameter  and  the 

length  of  stroke  is  34  inches.     While  running  at  92  revolutions 

cards  were  taken.     The  area  of  the  card  from  the  liead  end  was 

5.36  square  inches,  that  of  the  crank  end  was  5.30  square  inches, 

and  a  40  pound  spring  was  used.      The  cards  were  3.72  inclies 

long.      We  wish  to  know  what  horse-power  the  engine  developed 

and  which  end  was  doing  the  most  work. 

The  area  of  the  piston  is  113.097  square  inches  for  the  liead 

end  and  113.097  —  3.5466  =  109.55  square  inclies  for  the  cnink 

end. 

Tlien  for  the  head  end, 

„p_PLAN     _PX34X  113.097  X  92  _   ^^^..  „ 

"•  ^ 33;000 12  X  33,000  ""  '^^^''  ^ 

and  for  the  crank  end, 

H  P   =?----  =  P  X  34  X  109.55  X  92  ^   gg.g  p 
'     *         88,000'  12  X  33,000 
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The  value  of  P  is  found  from  tlie  cards.     Since  tJie  cards 
were  8.72  inches  long  imd  the  area  of  tlio  card  from  the  head  end 

3.72 

whicli  ('([UrIs  1.44  X  40  ^  .')7.G  pounds.     Tlie  horse-power  wiinld 
br, 

.893.^  X  r>7.G  ^  r,-[Ar, 

For  the  (^rauk  end  tlie  iiR'au   cffectivi'  preasin-e  is  found  as 
Iwfore, 

—    =  1.425  and  1.425  X  40  =:  '.7. 
3.72 

The  Iiora<?-power  would  l)e, 

.Sti.'.-I  X  57  ^  411.32 

The  liorse-[x>wrr  is  evidi-utlY  the  mini  of  tlioso  two  (|iijiiititie3 
or  51.4.')  +  4il..^2  =  UH)". 

TliP  lica^l  end  is  doinj:  more  work  tlian  tin-  cnink  end  Imtthe 
differeiiei'  in  slif^ht  l)oinji  only. 

51.45  —  41>.32  =  2.13  hoi-sp-powi-r. 
or  alxmt  2.1  per  cent.,  of  tlie  totitl  pnwer. 

<'onsidei-alile  iiritlinioticiil  work  ia  m-ei-ssary  wlien  the  I.  H,  P. 
is  found  fnmi  the  furinula, 

i.H.i..=  ■■'A'"'. 

33,U0O 
and  the  chances  foi'  en-or  jire  of  coui-np.  gi-piit.     To  fiire  time  and 
icdiico  the  (diance  for  error  a  tahh-  of  engine  constants  lias  Ih-cii 
prepared.     The  nnnilx'r  of  strokes,  or  twice  the  niunlier  of  revo 
liitions,  multiplied  by  tlie  length  of  sti»ke  in  foet  is  called  the 

piston  5peed.    Tlien  in  the  fonnulii  I.  IT.  P.  =  _^*^^^  ,    L  N  = 

33.000 
piston  speed  in  feet  per  minnte.  In  the  following  table,  the  I.  II,  P. 
of  an  entrine  is  eiisily  computed  hy  ninltiplying  the  constant,  cor- 
n'SiHuiding  to  the  diameter  of  the  piston,  hy  the  piston  speed  and 
liy  the  AI.  K.  P.  Or,  in  oilier  woi-ils,  the  constants  in  tlie  table 
eijna!  the  hoi-se-jKiwer  for  iin  engine  with  a  given  diameter  of 
piston  liavi.ig  a  jiiston  speed  ni  one  foot  jier  minute  and  a  M.  E.  P. 
uf  one  puniid. 
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To  Use  the  Table.  If  the  diameU'r  of  the  piston  is  an  even 
number,  the  constant  is  found  in  the  second  column ;  if  it  contains 
a  fraction  the  constant  is  found  by  following  the  column  horizon- 
tally until  the  required  fraction  is  reached.  The  constant  multi- 
plied by  the  piston  speed  in  feet  per  minute  and  by  the  M.  E.  P. 
in  pounds  per  square  inch  gives  the  I.  H.  P. 

Example.  An,  engine  runs  at  75  revolutions.  The  stroke  is 
4  feet;  if  the  M.  E.  P.  is  48  pounds  and  the  piston  27|  inches  in 
diameter  what  is  the  I.  H.  P. 

From  the  table  the  constant  for  a  piston  27|  inches  in  diam- 
eter is  .0178355.  The  piston  speed  is  150  X  4  =  600  feet  per 
minute.     Then  the  I.  H.  P.  is, 

.0178355  X  600  X  48  =  513.6G 

The  horse-power  an  above  calculated  is  called  the  Indicated 
horsft-power  and  Ls  u.sually  written  I.  II.  P.  Although  the  alK)ve 
calculation  shows  the  amount  of  power  the  engine  develops  it  does 
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Fig.  18. 


not  show  the  available  power  since  part  of  the  indicated  horse- 
power is  used  to  run  the  engine  itfelf,  that  is,  to  overcome  the 
friction  of  the  pints.  To  determine  li<)W  much  i>ower  can  be  used 
to  run  machinery  some  fcinn  of  alenrption  dynamometer  or  friction 
brake  is  attached  to  the  engine.  'J'lie  power  thus  obtained  is 
called  the  Brake  Horse  Power  or  R.  11.  P.  It  is  more  satisfactory 
for  both  the  owner  and  builder  to  know  th.i  B.  II.  P.  than  to  know 
the  I.  II.  P. 

The  Prony  Brake,  Fig.  18,  is  one  of  the  simplest  absorption 
dvnamnmeters.  The  two  wooden  blocks  A  and  C  are  held  together 
against  the  rim  of  the  pulley  1'  by  bolts.    The  thumb-nuts,  e, «,  hang 
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used  to  adjust  the  pressure.  By  means  of  the  bolts  the  arm  L  is 
held  to  the  upper  block.  From  this  arm  is  suspended  the  I)ali 
weight,  w^  which  by  sliding  along  the  arm  counterbalances  the 
weight  of  the  arm  and  pan  at  the  other  end.  The  pulley  revolves 
at  the  required  speed  in  the  direction  indicated  by  the  arrow. 
The  bolts  are  tightened  until  the  lever  remains  stationary  in  a 
horizontal  position  when  a  known  weighty  W,  is  hung  at  the  end. 

The  amount  of  work  absorbed  by  the  brake  depends  upon  the 
weight  W,  the  length,  R,  and  the  speed.  It  is  independent  of 
the  diameter  of  the  pulley  and  the  pressure  of  the  block  because 
the  moments  of  force  about  the  center  of  the  pulley  are  equal 
when  the  lever  L,  is  horizontal.  Letting/  equal  the  co-efficient 
of  friction,  p  the  pressure  of  the  blocks  and  r  the  radius  of  the 
pulley, 

fpr  =  WR 

The  work  done  at  the  face  of  the  pulley  equals  the  force  mul- 
tiplied by  the  distance  or  the  pressure  multiplied  by  the  number 
of  feet  passed  through. 

Let  N  =  the  number  of  revolutions  per  minute.  Then  the 
distance  passed  through  per  minute  equals  2  tt  r  N  and  the  work 
done  equals  2  tt  r  N/j9.  Then  as//)  r  =  W  R,  the  work  done 
at  the  rim  of  the  pulley  equals  the  left  hand  side  of  the  equation 
multiplied  by  2  tt  N,  and  to  keep  both  sides  equal  we  multiply 
W  R  by  2  TT  N.     Hence  the  work  done  is  expressed  by  the  formula 

2  TT  N  W  R  and, 

B  H  P   =   2^NWR 

33,000 
=  .0001904  N  W  R 
A  Prony  brake  with  an  arm  4  feet  long  was  attached  to  the 
pulley  on  the  fly  wheel  of  an  engine.     The  weight  in  the  scale 
pan  was  50  pounds  and  the  speed  of  the  engine  300  revolutions. 
Find  the  brake  horee  power. 

B.  H.  P.  =  .0001904  X  800  X  50  X  4 
=  11.424 
The  rope  brake  shown  in  Fig.  19  is  easily  constructed  of 
material  at  hand  and  being  self-adjusting  needs  no  accurate  fitting. 
For  large  powers  the  number  of  ropes  may  be  increased.     It  is  con- 
sidered a  most  convenient  and  reliable  brake.    In  Fig.  19  the  spring 
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balance,  H,  is  shown  in  a  horiaontal  position.  This  is  not  at  all 
necessary ;  if  convenient  the  vertical  position  may  be  used.  The 
ropes  are  held  to  the  pulley  or  fly-wheel  face  by  blocks  of  wood,  O. 
The  weights  at  W  mity  be  replaced  by  a  spring  balance  if 
desirable. 

To  calculate  the  Brake  Horse  Power,  subtract  the  pull  regis- 
tered by  tlie  s[)ring  Ixilance,  B,  from  the  load  at  W.  The  lever 
arm  is  the  radius  of  the  pulley  plus  i  the  diameter  of  the  rope. 
The  formula  is, 

B.  H.  P.  =  2^jrN  rW-B) 

33,000 
=        .0001904  R  N  (W  —  B)  * 
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lOxjiniple.     A  rope  brake  is  attiichod  to  a  gas  engine.     The 

average  reading  of  the  sprini^  balance  is   8  pounds.     W    =   80 

pounds.     If  the  radius  of  the  hrakt^  wlieel  is  28  inches  and  the 

rope  1  inch  in  diameter,  what  is  the   B.  H.  P.  when  the  engine 

makes  350  revolutions  per  minute  ? 

R  ==  28  +  I  =  28^  inches  =  ^^  feet 

B.  H.  P  =  .0001904  R  N  (W  — B) 

=  .0001904  X  \\^  X  72  X  350 

=  11.4  Ans. 

11  bolli  the  indicated  horse-power  and  the  bi-ake  horse-power 

*  Xotk:  If  B  is  greater  than  W,  the  engine  is  running  in  th«  opposite 
direction.    Use  the  formula  B.  H.  P.  =  .0001904  K  N  CB  —  W). 
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arc  known  the  power  used  in  friction  is  found  by  subtracting  the 
B.  II.  P.  from  the  I.  H.  P. 

The  mechanical  efficiency  of  the  engine  is  the  ratio  of  the 
B.  H.  P.  to  the  I.  II.  P.  or, 

p  ^     B.  H.  P. 

i;  h:  p. 

If  an  engine  of  18.2  indicaUnl  horse-power  develops  at  a  trial 
10.02  brake  hoi-sc-powcr,  what  is  its  mechanical  elhciency? 

B.  H.  P. 


E  = 


I.  H.  P. 


18.2 
=  88  %  Efficiency. 

Brakes  should  Ije  well  lubricated.  For  small  powei-s  the 
heat  generated  by  friction  between  the  ropes  or  blocks  and  the 
rim  of  the  wheel,  will  Ik?  conducted  away  by  radiation  but  for 
large  i)owers  some  additional  means  is  necessaiy.  In  case  there 
are  flanges  on  the  wheel,  water  can  l)e  introduce<l  into  the  wheel, 
the  flanges  keeping  it  from  flowing  out  and  centrifugal  force  keep- 
ing it  in  contact  with  the  rim.  The  amount  of  water  can  be  regu- 
lated so  that  all  may  be  evaporated,  or  a  scoop  can  l)e  arranged  to 
carry  off  the  water.  In  all  cases  the  water  should  flow 
continuously. 

To  Find  the  Area  of  Cards.  M.  E.  P.  or  the  mean  effective 
pressure  is  equal  Uj  the  area  of  the  indicator  diagram  divided  by 
the  length.  The  length  is  easily  found  by  meiusurement  but  to 
lind  the  area  is  more  difficult  since  the  shape  is  irregular.  If  the 
figure  were  regular  its  area  could  l)e  found  by  geometry  or  by 
simple  formulas. 

The  area  of  the  indicator  ciird  can  l)e  found  in  two  ways. 
By  dividing  the  diagram  into  sections  and  by  the  use  of  a  plani- 
meter.  The  former  is  only  an  approximate  method ;  the  area  thus 
found  is  nearly  correct  if  the  number  of  divisions  is  great. 

Tangents  at  each  end,  perpendicular  to  the  atmospheric  line 
are  first  drawn.  The  horizontal  distjince  between  these  tangents 
is  then  divided  into  10  or  more  equal  parts.  The  hoiizontal  length 
of  each  section  is  then  divided  into  two  equal  parts  and  lines  per- 
pendicular to  the  atmospheric  line  drawn  through  these  pointB  of 
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division.  The  sum  of  the  lengths  of  all  these  lines  is  divided  by 
the  number  of  lines  to  get  the  average.  This  average  length  or 
average  ordinate  multiplied  by  the  scale  of  spring  gives  the  mean 
effective  pressure. 

Fig.  20  is  the  card  from  the  crank  end  of  an  engine.     The 


Fig.  20. 

line  C  L  is  the  atmospheric  line  and  the  lines  A  D  and  E  F  are 
drawn  perpendicular  to  it  and  tangent  to  the  extreme  ends  of  the 
diagram.     The  line  A  E  is  divided  into  1 0  equal  parts  and  lines 


Fig.  21. 

are  drawn  through  points  marking  the  centera  of  the  divisions. 
On  each  of  these  lines  the  length  is  marked.  The  sum  of  the 
lengths  is  15.18  and  15.18  divided  by  10  is  1.518.  If  the  scale 
of  spring  is  40  pounds,  1.518  multiplied  by  40  is  the  M.  E.  P.  or 
60.7  =  M.  E.  P. 
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Tlio  Jiorizunbkl  length  may  be  dividetl  into  any  nuiiil>cr  of 
equal  isirta  but  10  or  20  makes  tlie  computation  easy.  Tlie  oper^ 
atioii  of  finding  the  M.  E.  P.  for  the  head  end  is  exactly  the  same. 
The  avei-age  i[.  K.  I*,  for  one  revolution  of  the  engine  is  the 
avemge  of  the  two  me^iii  effective  pressures. 

In  case  the  diagram  is  very  irregular  it  should  be  divided 
into  20  equal  ]>arts  instead  of  10.  If  thore  is  a  loop  in  tho  dia- 
gram  as  shown  in  Fig.  21  the  area  of  tlie  loop  iinuit  be  subtracted 


from  the  area  of  the  other  part  as  it  represeuts  work  done  by  tiie 
piston  on  the  steam  ami  therefore  loss. 

Tlie  kngtliH  may  be  marked  off  on  a  piece  of  paper  if  a  good 
ecale  is  not  at  hand. 

A  more  accurate  result  is  obtained  by  using  an  instrument 
called  the  planimeter.  There  are  aeveral  planimetet^  and  avei^ 
f^ing  instruments  in  common  use  for  determining  the  mean  effeo- 
tive  pressure  of  indicator  cards.     Hie  planimeter  shown  in  Fiff' 
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22  18  one  of  the  most  simple  and  is  called  the  Amsler  Polar  IMani- 
meter  from  its  inventor  Prof.  Amsler.  The  cut  is  about  onc»-hiill 
the  size  of  the  instrument.  It  consists  of  two  arms  fi-ee  to  move 
about  a  pivot  and  a  roller  graduated  in  inches  and  tenths  of 
inches.  A  vernier  is  placed  with  the  roller  so  the  areas  may  Ik» 
read  in  hundredths  of  a  square  inch.  The  point  A  is  kept  sta- 
tionaiy  and  the  tracer  B  is  moved  once  around  the  outline  of  the 
diagram.  The  area  in  square  inches  of  the  diagi-am  is  read  from 
the  roller  C  and  the  vernier  E. 

To  Use  the  Planimeter.  The  diagram  should  Ix)  fiistc^ned  to 
some  flat  unglazed  surface,  such  as  a  drawing  board,  by  means  of 
thumb  tacks,  springs  or  pins.  The  point  A  is  pressed  into  the 
paper  so  that  it  will  hold  in  place.  The  point  B  is  set  at  any 
I)oint  in  the  outline  of  the  diagram  and  the  roller  set  at  zero. 
Follow  the  outline  of  tlie  diagram  can^fuUy  in  the  direction  uf 
the  hands  of  a  watch  as  indicated  by  the  aiTows  in  Fig.  22  until 
the  tracer  hius  moved  completely  around  tlie  diagram.  The  result 
is  then  read  to  hundredths  of  an  inch  from  the  roller.  Suppose 
after  tracing  over  tlie  outline  we  find  that  tlie  largest  figure  that 
has  passed  the  zero  of  the  verni(?r  is  3  ;  the  number  of  graduations 
(tenths)  that  have  ])assed  the  zero  to  be  5  and  the  numbc»r 
(hundredths)  of  the  graduations  in  the  roller  that  exactly  coincides 
with  a  graduation  on  the  vernier  to  l)e  0.  Then  the  areji  is  3.50 
square  inches. 

Often  at  the  start  the  roller  is  not  adjusted  so  that  the  zeros 
coincide  but  the  reading  is  taken  and  subtracted  from  the  final 
reading.  Thus  if  the  lirst  reading  is  4.03  and  the  second  7.31  the 
area  is  7.31  —  4.63  =  2. 08  S(|uare  inches.  In  case  the  second 
reading  is  less  than  the  first,  add  10  to  the  second  reading  then 
subtract. 

This  instrument  is  very  vahiaUe  to  an  engineer  who  tiikes 
indicator  cards.  The  results  obtain(»d  are  very  accurate,  the  error 
being  small.  Ten  or  twelve  diagrams  can  be  measured  by  this 
instrument  in  the  same  time  that  is  necessary  to  measure  a  single 
card  by  the  method  of  ordinates. 

It  is  well  to  run  over  the  area  three  or  four  times  and  take 
an  average  as  the  tracing  of  the  diagram  cannot  be  absolutely  cop 
rect  at  any  time. 
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THERHAL  EFFICIENCY, 

Tlie  thermal  efficiency  of  the  steam  engine  is  foun<l  in  the 
same  manner  as  that  of  any  other  heat  engine.     The  cflicieney 
depends  upon  the  limits  of  tenn)erature  and  not  upon  the  nature 
of  the  working  medium. 
Let  T^  =  absolute  tempemture  of  tlie  heat  received  by  tlie  engine. 

Tg  =  al>solute  temperature  of  the  heat  rejected  by  the  engine. 

K     =  efficiency  of  engine. 
Then, 

T    T 

or,  the  efliciency  equals  the  temperature  of  the  heat  rejected,  sul)- 
tracted  from  the  tempei-jiture  of  the  heat  received  and  tlie  result 
divided  by  the  temperature  of  the  heat  received. 

SupiK)se  an  engine  is  supplied  with  steam  at  120  pounds 
absolute  pressure  and  the  exhaust  is  atmospheric  pressure.  What 
is  the  efficiency? 

The  absolute  temperature  corres[)ouding  to  120  pounds  abso- 
lute pressure  is  341.05°  -|- 461°  and  the  temperature  of  atmos- 
pheric pressure  is  212°  +  4G1°. 

Then, 

j^        802.05  —  673         ...       ,,.  . 

hi  = =^  .lo  or  lb  i)er  cent. 

802.05  ^ 

If  the  engine  had  been  of  the  condensing  type  and  the 
exhaust  pressure  one  pound  above  the  vacuum,  the  efliciency 
would  lie  as  follows : 

The  temiKJiiiture  of  one  pound  absolute  pressure  is  101.09° 

+  461°. 

^         802.05  —  562.99  ^,,       .,.. 

hj  =  — =:  .30  or  ,>U  i)er  cent. 

802.05  ^ 

In  actual  engines  this  efliciency  cannot  1x3  obUiined  because 
the  difference  between  the  amount  of  heat  received  and  that 
rejected  is  not  all  converted  into  work.  Part  of  it  is  lost  by 
radiation,  conduction,  leakage,  etc.  Also  cylinder  condensation 
reduces  the  efficiency. 

The  Theoretical  Indicator  Diagram.  An  indicator  diagram 
is  the  result  of  two  movements ;  a  horizontal  movement  of  tb^ 
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paper  and  a  vertical  movement  of  tlie  pencil.  The  horizontal 
movement  exactly  corresponds  to  the  movement  of  the  piston  of 
the  engine  and  the  vertical  movement  exactly  corresponds  to  the 
pressure  of  steam  in  the  cylinder. 

The  shape  of  the  indicator  card  depends  upon  the  manner  in 
which  steam  is  admitted  to  and  released  from  the  cylinder.  Dif- 
ferent engines  give  different  shaped  indicator  cards  and  the  cards 
taken  from  an  engine  vary  with  the  conditions.  Figs.  1  and  2 
show  theoretical  indicator  cards  from  a  non-condensing  engine 
without  clearance ;  the  former  being  for  the  case  that  has  admis- 
sion during  the  whole  stroke.  The  diagram  of  Fig.  2  shows  the 
cut  off  at  ^  stroke.  All  practical  engines  have  clearance  and 
slight  compression ;  so  the  theoretical  diagram  assumes  the  shape 

shown  in  Fig.  23.  In  this  card 
the  admission  line  H  A  is  verti- 
cal, the  steam  line  A  C  is  hori- 
zontal, the  expansion  line  C  D 
an  hjrperbolic  curve,  the  exhaust 
line  D  B  vertical,  the  back  pres- 
sure line  B  F  horizontal  and  the 
compression  curve  an  hyperbola. 
The  actual  shape  is  somewhat 


^^^-  ^^'  different   from  the   theoretical 

mainly  because  the  valves  do  not  open  and  close  quickly,  the  ports 
offer  some  resistance  to  the  passage  of  the  steam  and  the  back 
pressure  is  neither  atmospheric  in  the  non-condensing  engine  nor 
absolute  vacuum  in  the  condensing  engine. 

The  diagmm  shown  in  Fig.  24  is  a  practical  diagram  and 
like  those  taken  from  engines. 

The  atmospheric  line  L  M  is  the  line  drawn  by  the  pencil  of 
the  indicator  when  the  connection  to  the  engine  is  closed  and  both 
sides  of  the  piston  of  the  indicator  are  open  to  the  atmosphere. 
It  is  the  zero  of  the  steam  gage. 

The  admission  line  H  A  shows  the  rise  of  pressure  due  to  the 
admission  of  steam  to  the  cylinder.  If  the  steam  is  admitted 
quickly  when  the  engine  is  nearly  on  dead  center  this  line  will  be 
very  nearly  vertical. 

The  steam  line  A  C  is  drawn  while  the  valve  admits  steam 
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to  the  cylinder.  This  line  is  horizontal  if  there  is  no  wire- 
drawing. 

The  point  of  cut  oft  C,  indicates  the  point  at  which  the 
admission  of  steam  is  stopped  by  the  closing  of  the  valve.  This 
point  is  rounding  since  the  valve  closes  slowly.  Sometimes  it  is 
difficult  to  determine  the  exact  point  where  cut  off  takes  place ;  it 
is  usually  where  the  curve  changes  from  concave  to  convex. 

The  expansion  curve  C  D  shows  the  fall  in  pressure  as  the 
bteam  expands  while  the  piston  moves  towaitl  the  end  of  the  stroke. 

The  point  of  release  D  shows  the  point  at  which  the  exhaust 


Fig.  24. 

valve  opens.  The  rounding  is  due  to  tlie  slow  action  of  the  valve 
when  opening.  Because  of  this  slow  action  of  the  valve,  releiise 
begins  a  little  before  the  end  of  the  forward  stroke. 

The  exhaust  line  D  E  F  represents  the  loss  in  pressure  which 
occurs  while  the  valve  opens  to  exhaust  at  and  near  the  end  of  the 
stroke. 

The  bacic  pressure  line  F  G  shows  the  back  pressure  against 
which  the  piston  acts  during  the  return  stroke.  For  a  condens- 
ing engine  this  line  is  below  the  atmospheric  line  1^  M,  the  dis- 
tance below  being  dependent  upon  the  state  of  the  vacuum  in  the 
condenser.  For  cards  taken  from  a  non-condensing  engine  the 
back  pressure  line  is  a  little  above  the  atmospheric  line. 

The  point  of  exhaust  closure  G  is  the  point  where  the  YBy^ 


119 


INDICATORS. 


closes  to  cxiiiiust.  Tho  exact  point  is  not  clearly  defined  as  ibe 
cune  shows  n  change  of  [iressurc  due  to  the  gradual  closing  of  the 
valve. 

Tho  compression  curve  O  H  Bho^Ys  the  riao  of  pressure  due 
to  tlio  compression  of  the  stinuu  rpmaining  in  the  cylinder  after 
the  valvo  has  closed  to  exhimst. 

The  zero  line  of  jireasure  or  line  nf  absolute  vitcnuin  O  X  is 
dmw;i  helow  and  parallel  to  the  atinos])Iienc  line.  'I'hc  distance 
between  the  lines  O  X  and  L  M  represents  14.7  jioiinds  pressure. 

The  clearance  line  <>  V  is  drawn  i)or|)endicnlar  to  the  line  of 
alisolute  vaciuuii  and  at  a  dLstjinco  fmin  tiie  end  of  tho  dii^rain 


e.[nal  to  the  sinne  per  cent,  of  th<-  length  of  llie  iliagmni  as  the 
elcanince  volume  is  of  the  piston  displat'cnu-nl.  or 
I.  A    ^      cleamnce  volume 
L  M  volume  of  cylinder 

It  is  readily  seen  that  the  ai-ea  of  an  iictnal  indicator  diagram 
is  less  than  tJiat  of  ii  thcoreticid  card.  Tliis  is  because  of  the 
roun<l  eoHK'is  at  cut  oft  and  exhaust,  the  Iwick  pressure  and  the 
compression.  Sometimes  it  is  useful.  espe<'ially  in  designing 
engines,  to  draw  the  theoretical  indicator  card. 
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To  Draw  the  Theoretical  Card.  To  draw  an  ideal  diagram 
draw  P  X  equal  to  the  length  of  stroke  and  O  V  equal  to  the 
clearance  shown  in  Fig.  2o.  Draw  O  Y  and  P  A  perpendicular 
to  O  X  and  draw  Y  S  parallel  to  O  X  and  at  a  height  (•oiTesj)ond- 
iiv^  to  the  boiler  pi-essure. 

The  line  of  initial  pressure  A  C  is  then  drawn  parallel  to  Y  S 
and  is  usually  taken  as  from  90  to  95  })er  cent,  of  tho  lM)il(M-  pres- 
sure if  there  is  no  speci.al  cause  for  loss.     Then  take  A  ( '  as  the 

P  X 

T)ortion  of  the  stroke  at  which  steam  is  admitted  so  that    .     "       z=: 

^  AC 

the  ratio  of  expansion.  The  expansion  line  is  consi<lered  a  hyper- 
lK)lic  cune  with  ()  Y  and  O  X  as  asymptotes.  To  draw  the 
!iyperbolic  cune.  Fii-st  draw  the  line  A  C  B  parallel  to  the 
atmospheric  line  and  F  D  B  and  R  C  perpendicular  to  it.  Then 
make  iK)ints  1,  2,  3,  4,  etc.,  on  C  H  and  connect  theui  with  the 
{x>int  O.  At  the  points  1',  2',  3',  4',  etc.,  where  these  lines  inter- 
sect the  line  R  C  draw  paralhds  to  C  H  until  they  meet  jierpen- 
diculai*s  from  1,  2,  3,  4.  The  point  of  intersection  of  these  lines 
are  |>oints  in  the  hyperlnilic  curve  C  I),  as  shown  in  Figi  25. 
Any  number  of  points  may  Ix^  use<l ;  but  then^  must  1m>  enou<^h  t^> 
determine  the  curve. 

The  area  A  C  D  F  N  II  is  the  theoretical  card,  with  a  given 
lioiler  pressure,  ratio  of  expansion  and  an  assumed  back  pressure. 
The  actual  card  for  the  same  data  would  be  more  nearly  like  the 
shaded  area  which  lies  mostly  within  the  outlines  of  the  theon^tical 
card.  In  designing  engines  it  is  well  to  know  the  ratio  of  tlu^ 
actual  to  the  ideal  card  for  all  types  of  engines. 

This  ratio  sraries  with  the  speed,  type  of  engine,  and  kind  of 
valves  and  has  the  following  values. 

For  ordinaiy  plain  slide  valve  engines,  .8    to  .9 

For  snuill  engines,  about,  .85 

For  large  engines,  about,  .90 

For  engines  with  high  speed,  about^  .75 

For  compound  engines,  .75  to  .80 

For  compound  engines,  high  si)ee<l,  .05  to  .75 

For  triple  exjmnsion  engines,  .00  to  .70 

For  triple  expansion  engines,  high  speed,  .60  to  .60 
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CARDS  FOR  COMPOUND  ENGINES. 

In  Fig.  26  the  ideal  cards  of  a  tandem  compound  engine  of 
the  Woolf  type  are  shown.  The  diagram  ACDEFGHis 
from  the  high  pressure  cylinder  and  the  diagram  L  M  N  P  Q  R 
from  the  low  pressure.     S  T  is  the  atmospheric  Ihie. 

The  line  H  A  is  the  admission  line,  A  C  the  steam  line,  and 
C  D  tlie  expansion  line.  These  lines  are  similar  to  those  of  a 
single  cylinder  engine  diagnmi.  At  I),  the  point  of  release,  the 
pressure  drops  slightly  as  stoani  is  achnitted  to  the  low  pressure 


Fi^^  20. 

cylinder.  The  back  prossun^  line  1^  F,  of  tlio  high  pressure  cylinder 
is  parallel  to  the  steam  line  L  M,  of  the  lo\y  pressin*e  cylinder. 
They  would  coincide  if  tliere  were  no  resistance  to  the  flow  of 
steam  and  no  heat  loss.  Th(^  flow  of  steam  from  the  higli  to  the 
low  pressure  cylinder  is  cut  off  at  V  and  tlie  steam  remaining  in 
the  high  pressure  cylinder  is  compicssed  in  the  cylinder  and  in  the 
pipes.  The  exhaust  closers  at  (i  and  steam  is  compressed  in  the 
small  cylinder  from  G  to  H. 


VZ2, 


y^ 
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Cut  off  occurs  in  the  low  pressure  cylinder  at  M,  and  the 
in  the  cylinder  expands,  the  curve  M  N  being  an  equilateral 
t^3rE>erbola.  Release  takes  place  at  N  and  the  pressure  falls  to 
tli5i.ti  of  the  condenser.  The  back  pressure  line  P  Q  and  the  com- 
px^-^ssion  curve  Q  R  are  like  those  of  a  single  engine. 

The  diagrams  shown  in  Fig.  27   are  from  a  Woolf  engine. 
-■- l^«?i  lines  are  similar  to  those  of  the  theoretical  diagram  shown  in 

With  comix>und  engines  of  the  Woolf  type  the  steam  passes 
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directly  from  the  high  pressure  cylinder  to  the  low  pressure.  In 
^he  cross  compound,  the  cranks  being  at  90°,  the  piston  in  one 
Cylinder  is  at  the  end  of  the  stroke  when  the  other  is  at  the  middle 
of  the  stroke.  Therefore,  a  receiver  must  be  used.  The  ideal 
cards  from  a  cross  compound  engine  are  shown  in  Fig.  28.  The 
dimensions  are  as  follows : 

Volume  of  high  pressure  cylinder 
Volume  of  receiver 
Volume  of  low  pressui*e  cylinder 
Cut  off  of  high  pressure  cylinder 
Cut  off  of  low  pressure  cylinder 
Initial  pressure  (absolute) 
Back  pressure  (absolute^ 


5 

cu. 

ft. 

— 

5 

cu. 

ft. 

— 

15 

cu. 

ft. 

— 

i 

stroke. 

=r 

1 

stroke. 

^ 

120  lbs. 

3  lbs. 
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Clearance  and  compression  are  not  considered.  Tlie  stroke 
of  the  high  pressure  cylinder  begins  at  A.  Steam  is  cul  off  at  -J 
stroke  ;it  C. 

Since  steam  is  cut  off  at  |  stroke,  the  ratio  of  oxj)ansion  in 
the  hip^h  pressure  cylinder  is  4.  Then  the  volume  of  steam  at  I) 
is  4  times  that  at  C)  and  simie  ^>  v  :=  />-   ?'j,  the  prcssur*'  nt  1)  is 

120  X  1 

._      =  oO  ijouuds.      Steam  is  released  at  1)  and  iKUsses  to  tlie 

4                      ^  ^ 

receiver.  The  pressure  at  r(»lease,  L,  of  tho,  low  pressure  cylinder 
is  found  from  the  equatiou  /?  ^'  =  7>i  ^'i-  fhe  volume  of  steam 
in  the  high  pressure  cylinder  at  cut  off,  is  J  cubic  feet  and  the 
I20t  C/ lA 


Fiu.  28. 


vohiuie  at  L  is  15  cubic   feet;  then  tlie  total   ratio  of  expansion  is 

120  X  1 
If)  -4-  •';  1^  12.      Then  the  im^ssure  nt  L  is     "   _    _ 
4  1  52 


=  10  jx>nnds. 


Since  the  low  pressure  cylinder  cuts  off  at  J,  the  stroke  the 
vobune  nt  G  is  },  that  nt  L. 

Theu  as  /)  t'  =  ;>j  ^'iW  X  }  =10  x   U  or/>  =  20  ix)imds 

Hence*  the  pressure  at  G  is  20  pounds. 

We  cau  now  find  th(»  pressuie  at  E.  The  pressure  in  the 
receiver  wlu^n  tlie  low  pressun*  cyliudcM*  cut  off,  was  20  pounds 
because  tlit*  low  press urti  cyliiidt*r  was  in  commuuication  with  it. 
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Then  as  the  piston  in  the  small  cylinder  is  at  the  end  of  the  stroke 
when  the  steam  is  cut  oflf  in  the  large  cylitider,  steam  at  30 
pounds  pressure  rushes  from  the  high  pressure  cylinder  into  the 
receiver  and  mixes  \vith  steam  at  20  pounds  pressure.  When 
steam  is  cut  off  in  the  low  pressure  cylinder  the  high  pressure 
cylinder  and  the  receiver  are  in  connnunication  with  each  otlier ; 
the  totid  voUune  being  the  volume  of  the  higli  pressure  cylinder 
plus  that  of  the  receiver  or  5  -|-  5  1=  10  cubic  feet.  What  we 
wish  to  find  is  the  pressure  of  tlio  steam  of  this  volume.  The 
formula  is, 

PV  =z^r+jo^  r,. 

Since  tliere  are  10  cubic  feet  in  the  rec(»iver  and  high  pressure 
cylinder,  the  value  of  V  is  10.  The  volume  of  stt^ani  in  the 
high  pressure  cylinder  is  5  cubic  feet  and  its  pressun*  is  30  pounds. 
The  volume  of  steam  in  the  receiver  is  o  cubic  feet  and  its  [)ressure 
is  20  pounds,  then, 

10  P  z=  5  X  30  +  o  X  20 
P  =  ~  _.  =  25  pounds. 

Then  the  pressure  at  E  =  25  pounds. 

While  the  piston  of  the  high  pressure*  cylmder  is  on  the  return 
stroke,  steam  in  that  cylinder  is  compressed  from  K  to  F ;  th(^ 
volume  l)eing  10  cubic  feet.  When  the  piston  has  coniploted  J 
the  return  stroke,  the  volume  at  F  is  equal  to  *  the  volume  of  the 
high  pressure  plus  the  volume  of  the  receiver  or  S  -|"  '^  ==  ^.>  cubic 
feet. 

Then  with  the  formula/?  v=zp^  v^  we  obtain, 

25  X  10  ^  .^,,3^ 
7i 

or  the  pressure  at  F  is  3^5.33  pounds. 

Then  im  the  cranks  are  90°  apart,  and  the  high  pressure  piston 
is  at  the  middle  of  the  stroke,  the  low  pressure  ])iston  must  be  at 
the  l)eginning  of  its  stroke  ;  or  the  pressure  in  the  low  cylinder  is 
the  same  as  that  in  the  high  and  in  the  receiver,  or  33.33  iK)unds. 
Since  the  stroke  is  l)eginning  in  the  low  pressure  cylinder,  st(*ani 
is  l)eing  admitted  to  it  from  the  receiver  and  consequently  the 
pressure  in  the  large  cylinder  falls  as  the  volume  increases,  which 
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is  shown  by  the  line  F  G.  Cutroff  occurs  in  the  low  pressure 
cylinder  at  G,  and  the  steam  expands  until  the  piston  reaches  L ; 
the  curve  being  an  equilateral  hyperbola.  At  L  the  release  occurs 
and  the  pressure  drops  to  that  in  the  condenser  ;  in  this  case  about 
3  pounds.  The  back  pressure  line  is  of  course  the  pressure  in  the 
condenser. 

The  cards  of  Fig.  29  are  from  a  cross  compound  engine.     The 
rise  of  pressure  in  the  middle  of  the  back  pressure  line  of  the 


Fi^^  29 

diagram  from  the  small  cylinder  is  due  to  the  fluctuation  of  pres- 
sure in  the  receiver. 

COHBINED  DIAGRAHS. 

The  indicator  cards  of  multi-cylinder  engines  may  be  com- 
bined so  that  the  pressures  and  volumes  are  shown  in  their  proper 
relations.  To  do  this,  the  cards  are  reduced  to  the  same  scale  of 
pressure  and  the  same  scale  of  volume.  To  make  the  combined 
diagram  of  convenient  size,  the  length  of  the  low-pressure  card  is 


IM 


INDICATORS. 


45 


left  as  it  18  and  the  length  of  the  high-pressure  diagram  is  shortened 
in  the  ratio  of  the  cylinder  volumes. 

Perhaps  the  best  way  to  show  the  method  is  by  an  illustra- 
tion. The  cards  shown  in  Fig.  30  were  taken  from  a  conipoimd 
condensing  engine. 

Ratio  of  cylinder  volumes   =1:3 
Initial  pressure  =  138  pounds 

Spring,  bigh-pressure  card  =    60  pounds 
Spring,  low-pressure  card  =    30  pounds 


Fig.  30. 

First  draw  the  line  of  zero  pressure  A  B  and  the  line  of  zero 
volume  E  F  (see  Fig.  31).  The  line  O  P  is  drawn  parallel  to  E  F 
and  at  a  distance  proportional  to  the  clearance  of  the  low-pressure 
cylinder.  Similarly  the  distance  between  M  N  and  E  F  represents 
the  clearance  of  the  high-pressure  cylinder.  Now  draw  the  atmos- 
pheric line  C  D.     In  this  case  it  will  be  .49  inch  above  A  B 

because  a  30-pound  spring  is  used,  and  ---1-  =.49.    Reproduce  the 

low-pressure  card  without  change,  as  shown. 

Divide  the  high-pressure  card  with  10  (or  more)  ordinates, 
and  reproduce  it  with  volumes  and  pressures  of  the  same  scale  as 
the  low-pressure  card.     Since  a  60-pound  spring  was  used,  each 

ordinate  will  be  twice  as  long  (because  ---.  =  2).      The  distance 

SO 
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between  the  ordinate^  will  be  ^  as  great  because  the  high-pi'essure 
cjlinder  is  ^  the  volume  of  the  low.  Draw  the  ordiniites  as  shown. 
The  distance  between  ordinates  L  and  M  will  be  ^  of  the  length 
of  the  high-pressure  card.  The  points  c  and  e  are  on  the  fifth 
ordinate,  and  are  twice  as  far  above  the  atmospheric  line  as  they 
are  in  the  original  high-pressure  card. 

After  locating  all  the  points  draw  the  curve  through  them. 
Now  draw  the  theoretical  expansion  curve  11  S  through  the  point 
of  cut-off  of  the  high-pressure  cylinder  by  the  method  explained 


FiK-  31. 

on  itagc  S9.  Tlic  differeiii'O  between  the  area  included  between 
tlie  theoretical  curve  imd  the  lines  of  no  pressure  and  no  volume, 
and  the  snm  of  the  actual  areas,  I'cpresents  approximately  t)ie 
losses. 

This  method  is  not  strictly  accurate,  because  all  tlie  steam 
used  in  the  high-pressure  cylinder  does  not  piusa  to  the  low-pressure 
cylinder;  a  stnull  portion  is  left  for  compression,  lly  thus  com- 
bining the  cards  the  action  of  th(!  valves  inaj'  be  di:jcus3ed,  pi-ovided 
such  data  as  size,  type  and  speed  are  known. 

The  combined  diagram  of  a  multi-expansion  engine  drawn 
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according  to  the  above  method  is  shown  in  Fig.'  32.  The  volumes 
and  pressures  are  fiist  reduced  to  the  scale  of  the  low-pressure 
card.  The  cards  are  then  redrawn  at  the  proper  distances  imm 
ths  lines  of  no  pressure  and  no  volume ;  the  clearance  in  each 
cjUnder  being  considered. 


Fig.  32 
HORSE-POWER  OF  COMPOUND  ENGINES. 

Tlie  I.  II.  P.  of  multi-cylinilev  t-iigiiifs  may  Iw  fimiul  l.y  add- 
ing  the  I.  II.  I*,  of  the  sever.il  cyliiidors.  Another  niuthod  is  to 
reduce  all  the  pressures  to  tlie  area  of  the  low-pressure  cylinder. 
Tliis  is  done  hy  dividing  the  M.  E.  P.  of  eauh  cylinder  by  the 
inverse  ratio  of  its  volume  to  ibut  of  the  low-|ireasure  ejlinder. 

Supiwse  the  M.  E.  P.  of  the  high-pressure  cylinder  t>f  a  com- 
pound engine  is  78  pounds  as  found  from  the  iiuliciitm-  eaid.  It 
the  volume  of  tho  high-piessure  cylinder  la  J  that  of  the  h)w,  the 

M.  E.  P.  of  the  high  referred  to  the  low  would  lie  .  -  ^:  2li  iioiiiids. 

Tlien  if  tlie  card  frnni  the  Urge  cylinder  shows  a  M.  E.  P.  of  30 
jiounds,  the  total  M.  E.  P.  is  30  +  26  z=  50  pounds,  and  the 
I.  H.  P.  is  found  by  inserting  JiO  as  the  value  of  P  and  using  tlie 
w-ea  of  the  hyr  pressure  h3  A,  in  tlie  formula  for  I.  U.  P. 
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INDICATOR  CARDS. 

The  indicator  reveals  defects  in  the  steam  distribution.  That 
is,  if  the  valve  or  valves  are  set  so  that  the  events  of  the  stroke 
are  too  early  or  too  late  or  if  more  work  is  done  at  one  end  of  the 
cylinder  than  at  the  other,  the  engineer  finds  it  out  by  examining 
the  indicator  card. 

Sometimes  an  engine  appears  to  run  well  and  the  owner  is 
perfectly  satisfied  with  it ;  but  from  the  indicator  diagrams  it  is 
found  that  considerable  saving  might  be  effected  by  correcting  the 
defects  in  the  valve  setting. 

On  looking  at  a  diagram  one  might  say  it  was  a  faulty  card 


Fig.  33. 

and  yet  for  that  type,  size  and  speed  it  is  perhaps  the  best  that 
could  be  obtained  from  the  engine.  The  same  form  of  diagram  is 
not  possible  from  different  ty^^es  of  engines.  The  diagram  from  a 
Corliss  engine,  having  four  valves,  is  different  from  that  of  the 
plain  slide  valve  engine  ;  also  the  diagrams  from  high  speed  engines 
differ  from  tliose  of  low  speed. 

The  most  common  faults  in  the  distribution  of  steam  in  the 
cylinder  can  be  divided  into  four  classes. 

a  =:  Admission  too  early  or  too  late. 

h  =:  Cut-off  too  early  or  too  late. 

c  =  Release  too  early  or  too  late. 

d  =  Compression  too  early  or  too  late. 

In  the  following  figures, 

A  is  the  point  of  admission, 
C  is  the  point  of  cut  off, 
B  is  the  point  of  release, 
G  is  the  point  of  compression. 
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The  diagram  shown  in  Fig.  33  shows  too  early  admission. 
The  admission  line  curves  backward  instead  of  being  straight  and 
perpendicalar  to  the  atmospheric  line  as  it  is  in  Fig.  24.  Tlie 
diagram  also  shows  cut  off,  release  and  compi-ession  early.  When 
the  valve  is  of  the  plain  slide  valve  type  all  the  events  are  likely 
to  be  too  early  if  one  of  them  is.     The  reason  for  the  event  being 


Fig.  34. 

too  early  is   that  the  eccentric   has    too   much   anr/ular   advance. 
Hence  the  remedy  is  to  decrease  the  angular  advance. 

Fig.  34  shows  a  diagram  having  the  opposite  defects  to  those 
of  Fig.  33.  The  events  are  too  late.  The  admission  line  cunes 
forward  and  the  line  shows  that  admission  docs  not  take  place 
until  after  the  stroke  is  well  begiui.     Release  occui*s  at  tlic  end  of 


Fig.  35. 

the  stroke.  In  this  case  the  angular  advance  of  the  eccentric 
should  be  increased  until  the  admission  line  is  perpendicular  to  the 
atmospheric  line. 

Fig.  35  shows  a  card  having  too  nuicli  back  pressure.     This 
may  be  due  lo  a  small  exliaust  port  or  pijxis,  or  the  passage  of  steam 
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through  coils  of  pipe  for  heating.  The  card  shows  the  other  events 
to  be  good,  A  diagram  having  too  late  cut  off  is  sliown  in  Fig. 
36.  The  pressure  at  release  is  high.  When  the  engine  is  running 
under  this  condition  much  of  the  benefit  from  exi)ansion  is  lost. 


A  diagram  from  a  condensing  eiighie  is  shown  in  Fig.  37. 
These  oscilhitions  are  caused  by  the  vibration  of  the  indicator 
piston  and  spring.  To  jivoid  these  vibrations  never  u^e  a  very 
light  spring  for  high  speed. 

Tlic  diagram  ii  Fig.  21  .shows  too  early  cut  off.  In  this  case 
the  cut  off  is  so  early  thai  the  expansion  line  extends  beloiv  the 
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atnios|)hei'i(*  line  making  a   loop.      The  area  of  the  loop  mii.st  Iw 
Huhtrdrtcd  iVoin  th<'  area  of  the  card  as  explained  on  page  33. 

Fig.  3S  shows  a  pair   of  diagrams   from  a  plain   slide   valve 
engine.     The  admission  lines  are  good.     The  sloping  steam  lines 
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show  wire-drawing  due  to  the  slow  action  of  tlie  valve  or  too 
small  ports  or  pipes.  This  wire-drawing  decreases  tlie  area  of  the 
card  wliich  indicates  loss.  The  greatest  fault  is  the  inequality  of 
area  of  the  diaigram  for  the  ends.  The  late  cut  off  and  conse- 
quent late  compression  of  one  end  causes  more  area  than  the  too 
early  cut  off  and  too  early  compression  of  the  other  end.     These 


Fig.  '66. 

cards  can  Iw  improved  hy  twljusting  the   angular  advaiicrc  of  the 
eccentric  and  the  length  of  the  valve  rod. 

The  diagnini  of  Fig.  30  indiciites  too  early  c()nii)ression.  The 
conipi*ession  cui've  extends  al)ove  the  initial  pressure  line.  The 
area  of  the  loop  must  be  subtracted  from  the  card  area,  when  coni- 


F\ii.  yir 


pnting  the  I.  H.  P.  If  the  cut  off  is  kept  the  sanir  and  tlic  com- 
pression made  what  it  should  be,  the  gain  in  area  would  be  the 
area  included  between  the  full  line  and  the  dotted  line  i)lus  the 
area  of  the  loop.  The  remedy  for  this  case  is  to  decrease 
the  inside  lap. 
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The  amount  of  compression  varies  with  the  speed  and  type  of 
engine.     Slow  speed  engines  require  less  compression  or  cushion 
ing  than  high  speed.     The  exhaust  steam  should  never  be  com- 
pressed higher  than  the  boiler  pressure. 

For  high  speed  engines  the  compression  should  extend  to 
about  .9  the  initial  pressure.  For  medium  speeds  about  .5  and  for 
low  speed  .2  to  .4. 

In  the  case  of  a  slide  valve  engine  it  is  not  always  possible  to  set 
the  valve  so  tliat  the  card  may  have  all  tlie  events  as  they  should 
be.  Sometimes  the  laps  of  the  valves  should  be  altered.  For  too 
much  compression  decreases  the  inside  lap.  For  too  early  cut  off 
decrease  the  outside  lap. 

If  the  valve  travel  is  increased,  compression  is  retarded,  that 
is,  decreased  ;  release  occurs  sooner. 

STEAM  CONSUMPTION- 

The  amount  of  steam  used  by  an  engine  is  called  its  steam 
consumption  and  for  comparison,  it  is  customaiy  to  state  tlie 
amount  of  steam  consumed  per  indicated  hoi-se-povver  per  hour. 
By  means  of  the  indicator  diagram  the  steam  consumption  can  be 
computed  approximately. 

To  find  the  Steam  Consumption  from  the  Diagram.     The 

diagram  shown  in  Fig.  40  is  from  a  20  X  3B  engine,  running  at  a 
speed  of  80  revolutions  per  minute.     A  40-i)ound  spring  was  used. 

By  measuring  the  card,  we  find  tlie  mean  ordinate  to  be  .91 
inch  and  the  M.  E.  P.  =  .91  X  40  =  36.4  pounds. 

I.  H.  P.  =  Engine  Constant  X  M.  E.  P.  X  piston  speed. 
=  .00952  X  36.4  X  480. 
=  166.33. 

In  Fig.  40  L  M  is  the  atmospheric  line  and  O  R  the  hue 
of  zero  pressure  drawn  so  that  O  L  -=  14.7  pounds.  O  N  is  the 
clearance  volume  =  8  per  cent  of  the  piston  displacement.  The 
line  P  Q  is  drawn  from  O  R  to  some  point  on  the  compression 
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curve.     From  D,  a  point  on  the  expansion  curve  before  release, 
the  line  D  F  is  drawn  perpendicular  to  O  R. 
Then  from  the  diagram^ 

O  R  =  3.24    inches. 
O  F  =  3.00    inches. 
O  P  =    .345  mch. 
D  F  =    .795  inch. 
P  Q  =    .795  inch. 
The  length  of  stroke  is  36  inches  or  3  feet,  and  the  length  of 
the  diagram  3  inches.     Then  1  inch  of  the  length  of  the  card  con- 
responds  to  1  foot  of  the  stroke.     The  scale  of  spring  used  is  40. 
Therefore  we  can  easily  reduce  the  al)ove  dimensions  to  pounds 
pressure  and  to  feet. 

O  R  =    3.24    feet. 
O  F  =    3.00    feet. 
OP-       .345  feet. 
D  F  =  31.80    pounds. 
P  Q  =  31.80    pounds. 
The  area  of  the  piston  (head  end)  is, 

IT  d^        3.1416X400        o^A^a        •  oiQic^        ^ 

— - —  = =  314.16  sq.  m.  =  2.18160  sq.  ft. 

4  4 

At 


Fig.  40. 

We  can  now  find  the  volume  of  steam  at  any  point  of  the 

stroke. 

When  the  piston  is  at  D,  the  volume  is, 

2.18166  X  8  =  6.54498  cubic  feet 
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When  the  piston  is  at  Q,  the  volume  is, 

2.18166  X  .'"^45  =  .75267  cubic  foot. 

From  the  steam  tablets  we  can  And  the  weight  of  a  cui>ic  foot 

of  steam  at  a  given  pressure. 

The  weiglit  of  1  cubie  foot  at  31.8  iMunuls  al)sohite  pressui*e 

is  .077 7t>  j)oun(l.      Then  the  weight  of  stoam  present  when  the 

[>ist<m  is  at  T)  is, 

0.54498  X  .07773  z=  .50887  pound. 

The  weight  of  steam  piesent  when  tli(»  piston  is  at  Q  is 

.752(17  X  .07773  =  .05852  pound. 

The  weight  of  steam  in  the  cylinder  is  .50887  iK)und  and  the 

weight  of  stream    kept   for  compression    is    .05852    pound.     The 

weight  exhausted  per  stroke  is, 

.50887  —  .05852  z=  .45035  ix)und. 

The  amount  used  per  I.  H.  P.  jhu-  liour  is, 

.45035  X  2  X  80  X  00        ,..  ^^.,  , 
ij 12 ^^ ^=  20.993  pounds. 

166.33  ^ 

This  may  be  stated  in  words  as  follows : 

Measure  the  pressure  from  the  vacuum  line  to  some  point  in 
the  expansion  curve  before  release  and  from  tla*  steam  tables  find 
the  weight  of  a  cubic  loot  at  that  pressure*.  Multiply  the  volume 
(in  cubic  feet)  of  the  cylinder,  including  clearance  to  tliat  jxiint^, 
by  tlie  weight  per  cubic  fool.  The  result  is  the  weiglit  of  steiim 
in  the  cylinder.  As  this  wcii^ht  includes  the  steam  used  for  com- 
pi^ession  it  nmst  b(?  corrected  to  obtjiin  the  weight  us(»d  per  stroke. 

Take  some  point  on  the  comprcssicm  curve  and  measure  its 
absolute  pressun*.  Then  compute  the  weight  of  steam  to  this 
point.  Subtract  this  weight  fiom  the  weight  of  steam  to  the 
point  in  the  expansion  curve  and  tin*  i-esult  is  the  weight  of  steam 
used  per  stroke. 

Multij)ly  the  weight  of  steam  used  j)cr  stroke  by  the  numlK»r 
of  strok(»s  and  divide  by  the  indicated  horse-power  as  found  fix)m 
the  card.  The  iinal  result  is  tlu»  nund>er  of  j)ounds  of  steam  con- 
sumed per  horse-|)ow(»r  i)er  hour. 

We  may  also  calculate  the  steam  c(msumption  by  taking  the 
]K)int  of  the  expansion  curve  near  tlu?  cut-ofT. 

O  H  —  1.23  inches  —  1.23  feet  of  the  stn)ke. 
1)  C  =  1.8     inches  =  72  |)ounds. 
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Tlie  weight  of  1  cubic  foot  of  steam  at  72  pounds  alwolut** 
pressure  is  . 1(571  pounds.     Then  the  volume  of  steam  jit  C  is, 

2.18166  X  1.28  =  2.6S844  cubic  fret. 

The  weight  at  0  is, 

2.6H.844  X  .1671  =  .44840  i»oun<l. 

Tlic  weight  kept  for  compression  is  tlie  samt*  as  previously 
found,  /.  «.,  .05852  pound. 

Tlien  tlie  weight  of  steam  used  per  stroke  is, 
.44840  —  .05852  =  ..*]8988  jx^und. 

The  steam  consumption  per  I.  II.  P.  jmm*  hour  is, 
.38988  X  2  X  80  X  60 


166.33 


=  22.50  pounds. 


If  the  valve  doesn't  leak,  the  amount  of  st(»am  just  after  cut 
off  should  equal  the  amount  justl)efore  release,  but  our  calculation 
shows  that  there  is  .45035  —  .38088  z=  .06047  pound  more  at 
release  than  at  cut  off.  This  shows  tliat  at  entrance^  .06047  jM)und 
was  condensed  l)efore  the  })iston  reached  C  and  was  re-<n'aporat(Ml 
l)efore  relea^se.  This  cjilculation  gives  an  idea  of  tlie  amount  of 
cylinder  condensation. 

If  there  is  considerable  compression  as  in  Vi*^.  40  the  alcove 
methoil  may  be  simplified  by  taking  tlu*  two  ])oints  I)  and  Q 
at  the  same  height  above  the  vacuum  Yinv.  Tint  ])ressures  will 
then  ])e  the  same. 

Let  W  :=  weight  of  steam  used  per  1.  II.  1*.  p«'r  hour. 

w  =  weight  of  one  cubic  foot  of  steam  at  i\\o  alwolutr 

pressure  I)  F. 
L  =  length  of  the  diagram,  X  U. 
I  z=  disbince  lM»twe<*n  Q  and  I). 
P  =  moan  <»fTectiv(^  pressure. 

Then, 

1. '1,750  X  w  X  I 


W  = 


P  L 


Example.     A  card  wjis  taken i  from  a  12  X  14  engine.     Length 
of  canl  L  :=  3.5  inclies,  /  -=  2.875  iiuthes.     Absoluti*  pn^ssure  at 
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D  =  30  pounds.     M.  E.  P.  =  30.75  pounds.     What  is  the  steam 
consumption  per  I.  H.  P.  per  hour  ? 

13,750  t^;X  I 


W 


P  X  L 
13.750  X  .0736  X  2.876 


30.75  X  3.5 
=    27.03  pounds. 

This  method  gives  only  an  approximate  steam  consumption. 
On  account  of  the  leakage  of  valves  and  the  initial  condensa- 
tion of  steam  in  the  cylinder,  the  actual  consumption  is  somewhat 
greater.  The  excess  varies  considerably  and  makes  all  results  so 
obtained  of  little  value.  In  our  calculation  we  used  one  diagfram 
only,  that  for  the  head  end;  we  assumed  the  diagram  from  the 
crank  end  to  be  the  same.  The  indicated  horse-power  for  each  end 
should  be  computed,  as  it  is  subject  to  considerable  variation.  In 
the  above  fomiula  the  average  mean  elBfective  pressure  should  be 
used.  The  results  of  calculations  of  steam  consumption  from 
indicator  cards  are  so  imreliable  that  engineers  place  little  depend- 
ence upon  them.  The  results  may  be  used  as  a  basis  for  estimates, 
but  for  accurate  knowledge,  an  engine  test  must  be  resorted  to 

EXAMPLES  FOR  PRACTICE. 

1.  Given  the  following  data  to  find  the  M.  E.  P.  Area  of 
card  2.79  squiire  inches,  length  of  card  8.1  inches,  scale  of  spring 
50.  Ans.  45  pounds. 

2.  Steam  enters  a  cylinder  at  a  pressure  of  210  pounds  by 
gage  and  le^ives  at  3  pounds  pressure  (absolute).  What  is  the 
thermal  efficiency?  Ans.  29  per  cent. 

3.  An  engine  has  a  B.  H.  P.  of  78.9(1.  The  I.  H.  P.  is 
86.73.     What  is  the  mechanical  efficiency.  Ans.  91  per  cent. 

4.  An  engine  develops  149.97  I.  H.  P.  If  the  piston 
diameter  is  17^  incli(\s,  the  stroke  30  inches,  and  the  M.  E.  P.  40 
pounds,  what  is  the  speed  ?  Ans.  100  revolutions  per  minute. 

5.  The  theoretical  M.  E.  P.  of  a  triple  expansion  marine 
engine  is  4S  pounds.      What  is  the  j)rol)able  actual  M.  E,  P.? 

G.  The  cylinders  of  a  triple  expansion  are  12,  30,  and  75 
inches  in  diameter  respectively.     The  stroke  is  24  inches.     The 
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uean  effective  pressures  from  the  cards  were  118.4,  51.6  and 
9.34  pounds  respectively.  What  is  the  I.  H.  P.  when  the  speed 
3 125  revolutions  per  minute?  Ans.  2,050  I,.  H.  P. 

7.  Find  the  steam  consumption  from  the  following  card. 
The  engine  was  nmning  at  75  revolutions  per  minute,  and  devel- 
•ping  230  I.  H.  P.  when  the  card  was  taken.  A  GO-pound  spring 
vas  used,  and  the  M.  E.  P.  for  this  end  was  46  pounds.  Assume 
rank-end  card  to  be  the  same  as  the  head  end. 

Ans.  22  pounds  (ul)Out). 


suggestion:  First  draw  a  line  .3  inch  alK)ve  tlie  atniosjiheric  line, 
hen  reduce  this  ordinate  to  absolute  pressure,  and  use  fornuila  at 
he  bottom  of  page  55. 
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Steam  enters  the  cylinder  of  the  engine  through  ]x)rt8  which 
must,  iu  some  manner,  be  opened  and  closed  alternately,  in  order 
to  admit  and  exhaust  the  steam  at  the  proper  time.  To  accom- 
plish this  purpose  a  valve  is  moved  back  and  forth  across  the  port 
openings.  A  complete  understanding  of  the  valve  and  valve  gear 
is  essential  to  the  engineer  as  well  as  to  the  designer,  for  even 
though  a  valve  be  properly  designed,  its  economy  may  l)e  seri- 
ously impaired  by  improper  setting.  The  design  and  adjust- 
ment of  these  valves  plays  a  very  important  part  in  the  elKcient 
action  of  the  steam  engine. 

The  term  "valve  gear"  includes  the  valve  or  valves  that 
admit  steam  to  and  exhaust  it  from  the  cylinder  of  the  engine, 
together  with  the  mechanism  from  which  the  valves  derive  motion. 
There  may  be  a  single  valve  to  regulate  admission  and  exhaust,  or 
there  may  be  a  double  set  of  valves;  one  set  to  admit  tlie  steam  at 
each  end  and  another  to  release  it.  The  valve  may  have  a  phiin 
reciprocating  motion,  moved 
by  a  rod,  or  it  may  l>e  openeil 
by  some  device  that  lets  go  at 
the  proper  time,  allowing  the 
valve  to  drop  shut  under  the 
influence  of  counter  weights, 
springs  or  vacuum  dashpots. 
To  the  first  class  belong  the 
plain  slide  valve  and  its  modi- 
fication of  piston  valve,  gridiron  valve,  etc.;  to  tlie  second  belong 
such  v^alves  as  the  Corliss,  Brown,  and  others. 

The  simplest  type  of  valve  is  the  plain  slide  or  I)  valve  as 
shown  in  Fig.  1. 

In  this  figure  V  is  the  valve,  11  the  vaive  rod,  K  the  exhaust 
cavity,  P  and  P'  the  steam  ports,  E  the  exhaust  port,  AI}  the  valve 
seat,  and  DM  the  bridjres  of  the  valve  seat.  Tlie  valve  seat  must 
Ix*  planed  perfectly  smooth,  so  that  pressure  on   the  valve  will 
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make  a  steam  tight  fit,  and  cause  &b  little  friction  as  possible  when 
[be  valve  slides.  Furthermore,  the  length  of  the  seat  AB  mnst  bu 
a  little  less  than  the  distance  from  the  extreme  right-hand  posi- 
tion of  the  right-hand  edge  of  the  valve  to  the  extreme  left-hand 
position  of  the  left-hand  edge  of  the  valve.  This  allows  the  valve  at 
each  stroke  slightly  to  over  travel  tlie  seat,  thns  keeping  it  always 
worn  perfectly  flat  and  smooth.  If  the  valve  seat  were  not  raised 
slightly  above  the  rest  of  the  casting,  or  if  it  were  too  short,  the 
constant  motion  of  the  valve  wonld  soon  wear  a  hollow  path  in  the 
valve  seat,  and  it  would  cease  to  be  steam  tight. 

Eccentric.    The  valve   usually  receives  its  motion   from   an 
eccentric  which   is  simply  a  disc,  keyed  to  the  shaft  in  snch  a 


fit!.  ^. 

manner  that  the  ei-iitcr  of  thu  disc  mid  the  canter  of  the  shaft  do 
not  coincide.  It  is  evident  that  aa  tlie  shaft  revolves,  the  center 
of  this  eccentric  disc  moves  in  a  circle  abont  the  shaft  as  a  center, 
just  as  if  it  were  at  the  end  of  a  crank,  Tlie  action  of  the  eccentric 
is  equivalent  to  the  action  of  a  crank  the  length  of  which  is  equal 
to  the  eccentricity  of  the  eccentric  (the  distance  between  thecenter 
of  the  eccentric  and  that  of  the  shaft). 

Fig.  2  represents  llie  essentials  of  an  ordinary  eccentric.  O 
is  the  center  of  the  shaft,  <)  the  center  of  the  eccentric  disc  E,  and 
S  is  a  collar  encircling  the  eccentric  and  attached  to  the  valve 
rod  li. 
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As  the  eccentric  turns  in  the  strap,  the  point  ()  moves  in  the 
dotted  circle  around  O',  and  the  point  A  also  moves  in  a  circle. 
When  half  a  revolution  is  accomplished  the  point  O  will  1>e  at 
<)",  the  point  A  will  be  at  A",  and  the  eccentric  strap  and  valve 
rod  will  be  in  the  position  indicated  by  the  dotted  lines. 

Since  the  revolving  shaft  transmits  motion  to  the  valve 
through  the  eccentric,  it  will  be  necessary  to  study  the  n^lative 
motions  of  the  crank  and  eccentric  in  order  to  get  a  clear  idea  of 
the  steam  distribution. 

The  distance  of  the  center  of  the  eccentric  from  the  center 
of  the  shaft  (OO'  in  Fig.  2)  is  known  as  the  eccentricity,  or  throw, 
of  the  eccentric.     The  travel  of  the  valvo  is  twice  the  eccentricity. 

Valve  without  Lap.  Fig.  3  shows  a  section  through  the 
steam  and  exhaust  ports  of  an  engine,  together  with  a  plain  slide 


Fig.  a. 

valve  placed  in  mid-jx)sition,  and  so  constructed  tluit  in  this  posi- 
tion it  just  covers  the  steam  ports  and  no  more.  A  valve  is  in 
mid-position  when  the  center  line  of  the  valve  coincides  with  the 
center  line  of  the  exhaust  port. 

Fig.  1  shows  the  same  valve  drawn  to  a  larger  scale. 

Suppose  the  valve  is  moved  a  slight  distance  to  the  right; 
the  port  P  (see  Fig.  1)  is  then  uncovered  and  0{)ened  to  the  live 
steam  which  enters  the  cylinder  and  causes  the  piston  to  move. 
Since  the  two  faces  of  the  valve  are  just  sufficient  to  cover  the 
steam  ports,  it  is  evident  that  as  the  port  P  opens  to  live  steam, 
the  port  P'  opens  to  the  exhaust.  The  ports  are  closed  only  when 
the  valve  is  in  mid-position.     This  allows  admission  and  exhaust 
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to  COD  tin  lie  during  the  whole  stroke.  With  such  a  valve  there  is 
no  expansion  or  compression;  the  indicator  card  would  be  a  rec- 
tangle, and  the  M.  E.  P.  would  be  equal  to  the  initial  stt?aiu  pressure, 
assuming  no  frictional  losses  in  the  steam  pipe  or  condensation  in 
the  cylinder. 

For  a  theoretical  discussion  of  valve  motion,  it  is  assumed  that 
the  eccentric  rod  moves  back  and  forth  in  a  line  parallel  to  the 
center  line  of  the  engine.  This  is  not  the  case  in  practice,  for  the 
eccentric  rod  always  makes  a  small  angle  with  the  center  line,  just 
as  the  connecting  rod  does,  but  the  eccentricity  is  so  small  in  con)- 
parison  with  the  length  of  the  eccentric  rod  that  the  angularity  of 
the  eccentric  rod  is  very  much  smaller  than  the  angularity  of  the 
connecting  rod,  and  its  influence  may  be  neglected  without  appre- 
ciable error. 

I 


Fig.  4. 

Wlien  the  valve  shown  in  Fig.  8  is  in  mid-position,  the  crank 
is  on  dead  center,  the  eccentric  is  set  at  right  angles  to  it,  and  the 
piston  is  just  ready  to  begin  the  stroke. 

Fig.  4  shows  the  relative  positions  of  crank,  piston,  eccentric 
and  valve  when  the  crank  has  made  a  quarter  turn  or  the  piston 
has  moved  to  half  stroke.  The  eccentric  is  now  in  its  extreme 
position  to  the  right,  the  valve  has  its  maximum  displacement  and 
both  the  steam  and  exhaust  ports  are  wide  oj)en.  The  valve  will 
not  close  again  until  the  piston  has  reached  the  end  of  its  stroke. 

This  type  of  valve  is  used  only  on  small  and  unimportant 
engines,  and  since  it  allows  no  expansion  of  the  steam,  is  very 
uneconomical.  Furthermore,  it  will  be  seen  that  this  valve  opens 
just  after  the  stroke  begins,  which  is  impractical,  for  it  means  that 
the  piston  has   begun  its    stroke  before  the    full  steam  pressure 
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uliiitjd  adinisBioii  line  on  tliu  indi- 


rvAuheB  it,  whicb  will  chubu  nn  it 
c-ator  diagrftiii. 

Valve  with  Lap.  If  tlin  face  of  tin;  valvo  is  luado  loiifror 
than  sliou'ii  in  Fig.  I,  so  tliat  in  mid -position  it  overlaps  the  steam 
[wrts.  we  shall  have  a  valve  siifh  as  aliown  in  V\fr.  5.  Tlie 
amount  that  the  valve  overlaps  the  steam  ports  is  called  the  lap  of 
the  valve.  In  Fig.  5.  1)1  is  the  innuh  lap.  and  ()0  i\\eoutniile  lap. 
It  will  at  once  be  seen  that  both  the  admtssiun  and  exhaust  ports  may 
remain  cloeed  during  a  part  of  the  stroke,  thus  making  expansiou 


Fig.  5. 


and  compression  jiossible.  It  is  also  evident  that  steam  eannot 
he  admitted  until  the  valve  uncovers  the  port  liy  iniiving  a  dia- 
tance  from  mid-jHJsitiun  equal  to  00.  Adrnissiiiii  continues  until 
the  valve  returns  to  such  a  position  that  the  outer  edge  of  the 
valve  again  closes  the  port.  Release  will  hegin  when  the  inner 
edge  of  the  inside  lap  liegins  to  uncover  the  port. 

Fig.  6  represents  a  valve  with  lap,  at  the  point  of  admission. 
Since  the  valve  must  move  a  distance  equal  to  the  outside  lap 
before  admission  can  take  place,  it  is  evident  that  the  eccentric  can 
no  longer  be  at  right  angles  to  the  crank  at  the  beginning  of  the 
stroke,  but  must  be  ahead  of  the  right-angle  [wint  by  an  amount 
equal  to  AOC.     The  angle  AGO  is  known  as  the  angular  advance. 

The  maximum  displacement  of  the  valve  ia  attained  when 
the  eccentric  is  horizontal  as  shown  iu  Fig.  7.     In  this  position 
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botli  tlie  steHiii  and  e.xliaiist  ]>ortB  are  widl>  open,  and  any  further 
motion  of  the  piston  will  cause  the  valve  to  move  toward  its  mid- 
poeition. 

AdmiBsion  continnes  DDti!  tlie  valve  returns  to  the  position 


Fig.  6. 
shown  ill  Fig.  H.  Ilere  tliu  outside  lap  just  closes  the  left-hand 
Btt^ain  port,  cut-olT  takes  place,  and  tlie  steam  already  in  the  cylin- 
der begins  to  exjMnd.  As  the  valve  continut^s  to  move  toward  the 
left,  the  If  ft  hand  iuside  Up  begins  to  uncover  the  left-hnnd  port 
and  releases  tho  steam  at  the  position  shown  in  Fig.  10. 

Tlie  dotted  lines  of  tig  7   show  the  valve  in   its  extremi' 
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position  lo  the  left. 

cause  it  to  ryturn  toward  inid-ji 

The  dotted  position  of  crank  and  eccentric  in  Fig.  10  showB 
the  valve  returned  to  the  point  of  compression,  which  ctnitiinies 
until  the  conditions  of  Fig.  0  are  again  reached  and  tho  opening 
valve  allows  steam  again  to  enter  the  cylinder. 

This  process  has  been  traced  step  by  step  for  one  end  only; 
let  us  now  consider  what  is  happening  at  the  other  end. 
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AdmUsloo  ia  the  point  at  wliicli  tlie  viilvu  u]iuns  to  admit 
steam  t<>  tbe  cyliDiler.  Cut-off  is  tlm  point  nt  which  the  viilvy 
cioeee  to  cut  off  the  adiiiiBsioa  of  stoaiii.  Release  in  the  |)oiiit  at 
vhicb  tbe  exbaaet  ie  opened ;  and  Compression  is  the  point  at 
vbicb  tbe  exhaust  is  closed. 


Fig.  8. 

While  the  crank  is  moving  from  llm  jKJsition  Khowii  in  Vi^. 
f)  to  that  of  Fig.  8,  steam  is  Iteing  admitted  to  tht^  Iiciid  cixl  and 
being  exbansted  f rom  tbe  crank  end.  The  inside  lap  tK'iii<r  h'ss 
than  the  outside  lap,  cauees  the  exhaust  to  continue  longi-r  tlinn 
the  admission. 

Fig.  9  shows  the  relative  positions  uF  crunk,  cccL-ntric  and 
valve  when  the  exhaust  closes  on  the  cnirik  end  and  ootnpression 


Fig. 


l>egins.     Between  these  two  positions  llie  stcain   is  cxjiaridln^  in 
the  head  end  and  exhausting  from  the  crank  end. 

Between  the  positions  of  Fig.  il  am]  F\^.  10  hotJi  ports  arc 
entirely  closed,  expansion  is  taking  place  in  the  head  end  and  coni- 
preesion  in  tbe  crank  end.  Fig.  10  is  hcud-end  release.  Fig.  11 
shows  admission  at  crank  end  of  cylinder  and  marks  the  end  of 
crank-end,  compression . 
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By  referring  to  Figs.  0-11,  the  effect  of  any  change  of  lap 
may  at  once  be  observed.  If  the  outside  lap  is  ///<vv/^Ar//,  the 
valve  must  move  farther  from  mid-j)osition  before  admission  will 
occur,  and  on  the  return,  after  the  maximum  displacement  is 
reached,  the  outside  lap,  being  wider,  will  close  the  port  sooner, 
and  the  cut-off  shown  in  Fig.  8  will  take  place  before  the  crank 


(^:-''-' 


Fig.  10. 

reaches  the  angle   there  shown.     A  decrease  of  outside  lap  will 
make  cut-off  later  and  admission  earlier. 

If  the  inside  lap  is  increased,  the  valve  must  move  farther  he- 
fore  release  occurs  and  the  crank  angle  would  be  greater  than  shown 
in  Fig.  10.  On  the  return  of  the  valve  to  the  dotted  jmsition  shown 
in  Fig.  10,  the  port  will  close  earlier  and  make  an  earlier  compres- 
sion; the  crank  antrle  will  be  less  than  is  there  shown.  Decreasintj 
inside  lap  will  cause  earlier  release  and  later  compression. 


Fig.  11. 

Thus  we  see  that  it  is  the  outside  lap  that  influences  admis- 
sion and  cut-off,  and  the  inside  lap  that  controls  release  and 
compression.  For  this  reason  the  outside  laj)  is  often  called  the 
dtum  liij^j  and  the  inside  lap  the  t.vhaust  lap. 
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Lead.  If  a  valve  having  lap  is  in  mid-position,  the  port  is 
elysed  and  tlie  engine  cannot  start  because  no  steam  can  enter  the 
cylinder.  That  the  steam  may  be  ready  to  enter  the  cylinder  at 
the  kgiuning  of  the  stroke  it  is  necessary  that  the  eccentric  be 
set  more  than  DO  ahead  of  the  crank  and  the  eccentric  radius  will 
take  an  angle  as  shown  in  Fig.  6,  called  the  aiujular  advance.  In 
order  that  the  ports  and 
clearance  may  be  prop- 
erly filled  with  steam 
at  the  beginning  of  the 
stroke,  it  is  necessary 
tliat  the  valve  be  dis- 
place from  its  mid- 
position  an  amount 
slightly  greater  than 
the  outside  lap.  With 
the  piston  at  the  end  of  the  stroke  the  valve  will  have  a  position  as 
shown  in  Fig.  12.  The  port  will  be  0{>en  the  distance  AB.  This 
^*au8es  the  eccentric  to  be  moved  forward  a  slit^ht  amount  in  excess 
Oi  the  anorul Mr  advance.     This  excess  is  called   the  amjlc  of  lead , 

In  Fig.  1:J.  O'R'  represents 
the  crank  at  tlu'  l)e<»:innintr()f  the 
Stroke,    LOA    the  antrular   ad- 
vance,  and  AOA'  the  anirle  of 
The   eccentric,    to   i^ive 


Fig.  12. 


lead. 

lead,  must  be  set  at  the  antrle 
ROA'  ahead  of  the  crank  or  DO 
plus  angular  advance  [)lus  angle 
of  lead.  \\\  large,  quick-run- 
nini£  entrines,  a  liberal  lead  is 
essential,  so  that  the  ports  and 
clearance  may  be  well  filled 
with  steam  before  the  stroke 
begins.  If  there  is  no  lead,  a 
portion  of  the  steam  will  be  used 
in  tilling  these  places  and  full 
"pteasiire  steam  will  not  reach  the  piston  until  it  is  well  advanced 
0^  Hie  stroke.     This  will  give  a  sloping  admission   line  as  shown 


Fig.  13. 
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in   Fig.  14.     Too  iinicli  lead,  on  the  other  band,  will  cause  too 
early  an  adniission  as  shown  in  Fig  15. 

If  the  angular  advance  is  increased,  the  eccentric  will  be 
moved  farther  ahead  of  the  crank,  and  consequently  will  begin  its 
motion  sooner.     It  will  necessarily  arrive  at  each  of  the  events 


Fig  14.  Fig.  15. 

sooner  than  before.     If  then,  the  angular  advanco  is  increased,  all 
of  the  events  of  the  stroke  will  occur  earlier. 

Inequality  of  Steam  Distribution.  In  the  valve  diagrams 
thus  far  considered,  the  events  of  the  stroke  have  been  discussed 
for  each  end  separately,  without  reference  to  the  relation  of  sim- 
ilar events  on  the  other  side  of  the 
piston.  If  the  connecting  rod 
were  of  infinite  length,  so  that  it 
would  always  remain  parallel  to 
the  center  line  of  the  engine,  the 
distribution  would  be  the  same 
for  both  ends  of  the  cylinder.  In 
])ractice,  the  connecting  rod  is 
from  4  to  8  times  the  length  of 
the  crank,  which  causes  the  con- 
necting rod  always  to  l>e  at  an 
Hiitrle  to  the  center  line  of  the 
engine,  and  for  a  given  crank 
angle  n\akes  the  piston  displace- 
ment greater  at  the  head  end  than  at  the  crank  end. 

I'ojind  the  (llsi)la('i'vuiit  (^f'tlie  valve  ^  let  us  consider  Fig.  16. 
The  circle  represents  the  path  of  the  eccentric  center  during  a 
complete  revolution  of  the  engine.  OC  represents  the  crank,  and 
OK  the  corresponding  position  of  the  eccentric.  The  diameter 
XY  represents  the  extent  of  the  valve  travel.  Since  the  eccentric 
rod  is  so  long  in  comparison  to  the  eccentricity,  we  make  no 
appreciable  error  by  assuming  it  always  to  be  parallel  to  the  center 


Fig.  16. 


150 


VALVE  GEARS 


13 


line  of  the  engine.  When  the  eccentric  is  at  OL,  the  valve  is  in  mid- 
position.  At  OK  the  valve  has  moved  from  mid-position  an  amount 
ON,  found  by  dropping  a  perpendicular  from  II  to  the  center  line 
XT.  If  the  angularity  of  the  connecting  rod  could  l>e  neglected, 
the  piston  displacement  could  be  found  in  the  same  manner. 

To  find  the  displa<ieinent  of  the  piston^  a  diagram  as  shown 
in  Fig.  17  must  be  drawn.  In  this  figure  AB  represents  the 
cylinder,  P  the  piston,  H  the  crosshead,  HR  the  connecting  rod, 
and  OR  the  crank.  Suppose  now  the  engine  should  stop  in  this 
position  and  then  be  clamped.  The  piston  displacement  would 
be  represented  by  AP.  If  the  crank  pin  at  R  should  now  be 
loosened  so  as  to  allow  the  connecting  rod  to  fall  to  a  horizontal  posi- 
tion, the  point  R  would  describe  the  arc  of  a  circle  RN,  and  XN 
would  represent  the  piston  displacement  and  would  be  equal  to  AP 


p' 


B 


Fig.  17  S   T 

Suppose  now  that  in  this  disconnected  way  the  piston,  crosshead 
and  connecting  rod  were  moved  forward  until  the  end  of  the  rod 
came  to  O.  P  would  then  be  at  P'  and  the  piston  would  be  in  the 
middle  of  its  stroke.  Now  swing  the  end  of  the  rod  up  to  its 
proper  position  on  the  crank-pin  circle,  the  piston  remaining  sta- 
tionary. It* would  describe  an  arc  OZ.  The  crank  pin  would  be 
at  Z,  less  than  a  quarter  revolution  from  X,  while  the  piston  would 
be  in  the  middle  of  its  stroke. 

Suppose  this  engine  were  running  with  cut-off  at  half  stroke 
on  the  head  end  and  that  XOZ  represented  the  eorres])onding  crank 
angle.  On  the  return  stroke  the  valve  would  cut  off  at  the  same 
crank  angle  YOT  =  XOZ,  and  OT  would  represent  the  crank  cut- 
off on  the  return  or  crank-end  stroke.  The  piston,  as  we  have  just 
seen,  will  not  be  at  half  stroke  except  when  the  crank  is  at  OZ  or  OS. 
Consequently  OT  is  less  than  half  stroke  and  cut-off  takes  place 
earlier  at  the  crank  end  than  at  the  head  end.  When  the  crank  is  at 
OZ  the  eccentric  will  be  at  OA  (Fig  17a),  and  the  valve  displace- 
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nient  will  be  OB.  When  the  crank  is  at  OT  the  eccentric  will  be  at 
C)A',  and  the  valve  displacement  will  be  Oli',  which  is  equal  to  OB, 
the  displacement  of  the  valve  at  cut-oil  in  the  head  end.  The  pis- 
ton displacement  will  be  OX  in  the  head  end  and  WY  in  the  crank 
end  when  cut-oflf  occurs.  If  the  connecting  rod  always  remained 
parallel  to  the  center  line,  the  cut-off  would  be  the  same  at  both  ends. 
Compensation  of  Cut-off.  It  has  already  been  pointed  out 
that  lengthening  the  outside  lap  makes  the  cut-off  earlier,  and  short- 
ening the  lap  makes  it  later.  The  cut-off  in  the  case  just  cited  may 
then  be  equalized  by  altering  tlie  outside  laps.  If  we  increase  the 
outside  lap  on  the  head  end,  cr  decrease  the  crank-end  lap,  the 
inequality  will  be  less.  By  changing  either  or  both  of  the  laps  the 
proper  amount,  the  cut-off  may  be  exactly  equalized. 


Fi^.  17(1. 


But  altering  the  outsido  lap  changes  the  lead  as  has  already 
been  explained.  If  the  lap  is  increased  on  the  head  end,  the  lead 
will  bo  less  than  on  the  crank  end.  If  the  lead  becomes  too  small 
on  the  head  end,  the  angular  advance  may  be  increased  but  the 
inequality  of  lead  will  still  remain,  for  this  increase  of  angular 
advance  will  increase  the  lead  at  the  crank  end  as  well  as  at  the 
head  end,  and  by  hastening  all  the  events  of  the  stroke  may  give  a 
bad  steam  distribution  if  care  is  not  taken. 

Unequal  lead  is  of  less  consequence  on  a  low-speed  than  on  a 
high-speed  engine.  On  low-speed  engines  the  cut-off  may  be 
equalized  at  the  expense  of  lead  with  beneiicial  results,  but  on  high- 
sj)eed  engines  it  will  not  do  to  give  too  little  lead  at  one  end.  A 
high-speed  engine  requires  more  lead  than  a  low-speed,  for  there  is 
relatively  less  time  in  each  stroke  for  the  clearance  to  fill  with  steam. 
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If  both  inside  laps  are  equal,  compression  will  not  occur 
equally  at  both  ends.  To  equalize  it,  the  inside  laps  may  be 
changed  in  the  same  manner  as  the  outside  laps  are  changed  to 
equalize  the  cut-off.  By  altering  these  inside  laps  to  equalize 
compression,  it  may  happen  that  the  lap  is  reduced  enough  to 
leave  the  exhaust  port  open  when  the  valve  is  in  mid-position. 


Fig.  18. 

This  opening  of  the  valve  is  called  an  inside  cleuraiice,  or  uegative 
hip.     In  P'ig.  18,  A  is  the  inside  clearance. 

Rocker.  Sometimes  it  happens  tliat  the  valve  stem  and 
eccentric  rod  cannot  be  so  placed  that  they  will  he  in  the  same 
straight  line;  or  it  may  be  that  the  travel  of  the  valve  must  be  so 
great  as  to  require  an  excessively  large  eccentric.  In  such  crises 
a  rocker  may  be  used. 

Fig.  19  shows  a  valve  that  is  not  in  line  with  the  eccentric. 
This  occurs  in  horizontal  engines  when  the  valve  is  set  on  top  of 


Fig.  10. 

the  cylinder  instead  of  on  one  side.     Dy  means  of  tlie  rocker  AG 
the  valve  may  receive  its  proper  motion. 

In  case  it  is  more  convenient  to  place  the  j)iv()t  of  the  rocker 
arm  between  the  connections  to  the  valve  stem  and  those  of  the 
eccentric  rod,  such  an  arrangement  as  shown  in  Fig.  20  may  be 
used.  Here  it  will  be  noticed  that  the  valve  stem  and  eccentric 
rod  are  moving  in  opposite  directions,  and  to  give  the  valve  the 
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same  motion  as  iii  Fig.  19,  the  (HJceii trie  must  be  moved  180^  ahead 
of  the  |)Ositioii  there  shown. 

If  AH  is  h^ss  than  AG,  the  valve  travel  will  be  greater  than 
twice  the  eccentricity,  in  proportion  as  AG  is  greater  than  AB. 
In  all  cases  the  valve  travel  is  to  twice  the  ecceDtricity  as  AG  is  to 
AB.     Thus,  if  the  valve  travel  is  4A  inches,  AB,  15  inches,  and 

AG,  18  inches,  then   :j—  X  41  =  '^5  ^"ches,  will  equal  twiod  the 

eccentricity. 

o 


Fig.  20. 

A  valve  cr^ar  may  l)e  so  laid  out  as  to  make  both  the  cat-off 
and  the  lead  eijual  for  both  ends  of  the  cylinder.  This  may  bt^ 
done  by  a  ])roper  porj)ortion  Ix^tween  the  rocker  arms,  and  a  careful 
location  of  the  ]»ivot  of  the  rocker.  The  eccentric  must  then  1>e 
set  accordincrly.  In  this  manner  the  Straight  Line  engine  equal- 
izes the  cut-olf  and  lead.  A  discussion  of  this  method  will  l)e 
eoiiriidiM'ed  later. 

VALVE  DIAGRAMS. 

Zeuner*s>    Diagram.     Li  order  to  study  the  movements  of 

valves,  the  eil'ect  of  laj),  lead,  eccentricity,  etc.,  diagrams  of  various 
sorts  have  been  devised.  By  the  use  of  diagrams  we  may  acquire 
a  knowledge  of  valve  motion  without  the  complex  mathematical 
expressions  that  such  a  discussion  would  entail.  The  most  useful 
of  tlit^se  various  diagrams  is  that  devised  by  Zeuner,  and  to  avoid 
eom[)lexity  we  shall  confine  ourselves  to  a  discussion  of  this  dia- 
trram  alone.  The  eccentric  rod  is  assumed  to  be  of  infinite 
K'ligth,  and  the  ])ositions  of  the  crank  are  shown  on  the  diagrams. 
Tlu^  displacement  of  the  ])ist()n  can  easily  be  found  if  the  ratio  of 
erank  to  connectiiit;  rod  is  known. 

In  Fig.  :21  let  OV  be  the  eccentricity,  then  XOY  will  rep- 
resent the  valve  travtd,  and  the  center  of  the  eccentric  will  move 
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in  the  circle  XWY.  Let  OR  represent  the  position  of  the 
crank  and  O/*  the  corresponding  position  of  the  eccentric,  which 
is  OO^  +  angle  of  advance  0  ahead  of  the  crank.  Draw  ()W 
perpendicular  to  XY  and  lay  off  from  it  the  angle  WOM  = 
^ngle  of  advance  0  towards  the  crank.  With  OM  as  a  diameter, 
construct  a  circle.  OM  is  equal  to  the  eccentricity,  and  the  circle 
MPO  is  known  as  the  valve  circle.     If  Oil,  the  center  line  of 

w 


the  crank,  cuts  this  valve  circle  at  P,  then  OP  is  equal  to  the  dis- 
placement of  the  valve  from  mid -position. 

To  prove  this,  draw  rS  perpendicular  to  XY.  Since  Or 
is  the  position  of  the  eccentric,  OS  will  represent  the  valve  dis- 
placement from  mid-position.  Draw  MP.  Then  by  geometry 
OPM  is  a  right  angle  because  it  is  inscribed  in  a  semicircle. 
OSr  is  also  a  right  angle  ;  the  two  right-angled  triangles  OSr 
and  OMP  are  equal  because  they  are  similar  and  have  two  cor- 
responding sides  equal.  Or  =  OM,  being  radii  of  the  same 
circle.  But  we  have  seen  that  OS  is  equal  to  the  valve  displace- 
ment, therefore  OP  is  also  equal  to  the  valve  displacement,  for  it 
is  equal  to  OS. 

Now  that  the  truth  of  our  proposition  has  been  proved,  let 
us  see  how  we  may  study  the  valve  motion  from  such  a  diagram. 
See  Fig.  22.  As  l>efore,  let  XY  represent  the  valve  travel,  then 
the  circle  XEYF  will  represent  the  path  of  the  center  of  the 
eccentric.  Let  0  be  the  angular  advance  and  lay  off  EO  toward  the 
crank,  making  an  angle  0  with  the  vertical.  Produce  EO  to  F, 
and  on  OE  and  OF  as  diameters  draw  the  valve  circles  as  shown. 
Let  the  outside  lap  be  an  amount  equal  to  OV,  then  with  O  as  a 
center  and  OV  as  a  radius  draw  an  arc  intersecting  the  upper 
valve  circle  at  V  and  K.     Lay  off  OP  equal  to  the  inside  lap  and 
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with  Oaa  center  and  OP  as  a  radins  draw  an  arc  intersecting  the 
valve  eirt'le  at  P  and  Q.  Draw  the  crank  line  AO  pasBing  throngti 
v.  Then,  when  the  crank  is  in  this  position,  the  displacement  oJ 
the  valve  is  e<jual  to  OV  (the  oiitBide  lap)  and  the  steam  18  ready 
to  enter  the  cylinder.  This  is  the  position  of  the  crank  at  admis. 
sion,  and  the  crank  angle  XOA  is  called  the  lead  angle.  The 
valve  has  lead,  therefore  the  admission  takes  place  before  the  end 
of  the  stroke.  When  the  crank  reaches  the  position  OE,  the 
displacement  of  the  valve  is  etfual  to  OE.  the  eccentricity,  and  is 


the  niaximniii  diapIac-CTTieiit.  I'urthcr  motion  of  tlio  piston  caiisfs 
Uie  valve  to  move  tuwnrd  mid-|R)sici()ii  until,  at  the  crank  ])OBitioii 
OC,  the  disphuvTiieiit  OK  is  ii<;;i(n  equal  to  the  ontfiide  lap  mid 
the  valve  lias  readied  tlic  point  of  cut-off.  When  the  jioHttiun  OH 
is  reached,  the  crauk  line  is  tangent  to  hoth  valve  circles  and  there 
it"  no  displaceiin'ut  of  the  v.-ilvf.  At  tliis  jioint  the  valve  is  in 
mid-[>ositiun. 

Further  crank  moveiiifiit  ilrawK  tlu-  inside  lap  towanl  the 
edge  of  the  exhaust  port  until,  at  the  crunk  puwilion  <HS,  the  dis- 
placement is  eipial  to  OP  (the  inside  lapi  and  release  iH'gina.  At 
OF  the  iiiiixiinuni  valve  displacement  is  again  reached  and  the 
valve  nioverJ  iu  the  opjKisite  din-ction  nntil  at  OD  its  displacement 
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from  mid-position,  is  again  equal  to  OQ  =  OP  =  the  inside  lap, 
and  compression  takes  place.  At  Oil'  the  valve  is  again  in  mid- 
position.  At  OX  the  displacement  of  the  valve  is  OI,  but  since 
the  valve  has  to  move  the  distance*  OJ  before  the  j)ort  begins  to 
open  IJ  must  represent  the  j)ort  opening  when  the  crank  is  on 
dead  center  and  by  definition  we  know  that  lead  is  the  amount  of 
port  opening  at  this  position.     Therefore  IJ  represents  the  lead. 

At  the  position  K,  the  port  is  open  an  amount  equal  to  TG, 
at  E  the  opening  is  a  maximum  equal  to  EN.  At  C  the  opening 
is  nothing.  If  LW  represents  the  total  width  of  the  steam  port, 
the  exhaust  port  will  be  open  wide  when  the  displacement  of  the 
valve  is  equal  to  OWand  it  will  remain  wide  open  while  the  crank 
swings  from  OW  to  OK. 


Fig.  23. 

If  the  width  of  steam  port  in  addition  to  the  outside  lap  were 
laid  off  on  the  other  valve  circle  it  would  fall  at  E'.  For  the  ad- 
mission  port  to  be  wide  open,  the  displacement  of  the  valve  would 
have  to  be  equal  to  OE',  which  is  more  than  the  maximum  dis- 
placement.  This  shows  that  in  this  case  the  steam  port  is  never 
fully,  open  and  that  the  left-hand  edge  of  the  valve  overla])8  the 
right-hand  edge  of  the  port  by  an  amount  equal  to  EE'  when  the 
valve  has  reached  its  maximum  displacement. 
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Fig.  22,  with  its  two  valve  circles,  shows  the  diagram  for  the 
head  end  of  the  cylinder  only.  The  crank-end  diagram  would  be 
similar  except  that  the  laps  might  not  be  equal  to  those  of  the 
head  end. 

We  are  now  in  a  position  to  consider  more  in  detail  the  eflFect 
of  changing  in  any  way  either  the  valve  or  the  setting.  Let  us  con- 
sider Fig.  23,  which  is  in  every  way  like  Fig.  22  except  that  all 
unnecessary  letters  and  lines  are  omitted  to  avoid  confusion.  If 
the  outside  lap  is  increased  an  amount  equal  to  NM,  the  ad- 
mission will  take  place  later,  at  crank  position  OA';  the  lead  will 


Pig.  24. 

be  reduced  to  IG  and  cut-oflF  will  take  place  earlier  at  OC.  If 
the  outside  lap  is  reduced  a  like  amount  the  contrary  effects  will 
be  observed.  If  the  inside  lap  is  increased  an  amount  equal  to  LS, 
the  release  will  take  place  later  at  the  crank  position  OB'  and  com- 
pression will  take  place  earlier  at  ()!)'.  The  contrary  effect  will 
be  observed  by  decreasing  the  inside  laj). 

If  the  angular  advance  is  increased  (see  Fig.  24)  all  the  events 
will  occur  earlier.  This  is  evident  from  the  figure;  the  crank 
revolves  in  the  direction  indicated  by  the  arrow  and  OA'  (new  posi- 
tion of  admission)  is  ahead  of  OA,  the  old  position. 
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If  the  eccentricity  ia  increased,  Fig.  25,  the  valve  travel  will 
iDcrease  and  aduiiesion  will  take  place  earlier  at  OA';  the  lead 
will  be  increased  an  amount  eqnal  to  IT,  and  cut-off  will  take 
pisce  later  at  OC     Release   will    he   earlier  at   OB'  and  coni- 


Fig.  25. 
pression  will  be  later  at  OD'.  The  upper  valve  circle  will  now 
cnt  the  arc  drawn  from  ()  as  a  center,  with  a  radius  equal  to  the 
outside  lap  plus  the  width  of  steam  port,  in  the  points  W  and  H', 
and  the  admission,  port  will  he  open  wide  while  the  crank  is  mov- 
ing from  OW  to  Oil'.  Similarly,  the  lower  valve  circle  cuts  the 
arc  drawn  from  O  as  a  center,  with  a  radius  equal  to  the  inside 
lap  plus  the  width  of  steatn  port,  in  the  points  W  and  H.  The 
steam  port  is  then  wide  open  to  exhaust  while  the  crank  is  moving 
from  W  to  II.  From  the  above  it  will  be  seen  that  the  [)eriods 
are  all  changed  by  changing  the  travel;  thus,  admission  and  ex- 
haust b^iu  sooner  and  last  longer,  while  expansion  and  com- 
pression begin  later  and  cease  sooner.  With  change  in  the  angular 
advance,  however  (see  Fig.  24),  the  periods  are  neither  increased 
nor  decreased. 
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For  convenience,  these  results  are  collected  in  the  following 
table  which  shows  the  effect  of  changing  the  laps,  travel,  and 
angular  advamv: 


IncreasiniE 
Ont^JUle  Lap. 


IncreaslDfT 
Inside  Lap. 


Incrpaslng 
Travel. 


Admifc-ion.      Is  later.  Not  changed,   j  Begins  earlier. 

Oasesi  sooner.  '  Continues 


longer. 


Increasing 
Angular  Advance. 


Begins  earlier. 
Same  period. 


Expan.sion.      I>  earlier. 

Continues 


B«^nning         ,  Begins  later. 

unchanged.  Ceases  sooner. 

longer.   Continues 

longer. 


Exhaust. 


Unchanged.        (Vcurs  later.       Begins  earlier. 

Ceases  sooner.    Ceases  later. 


Begins  earlier. 
Same  period. 


Begins  earlier. 
Same  period. 


I 
Compression   Bepin>  at  same  Beeins  sooner.    Begins  later.     I  Begins  earlier. 

]H)int.  Continues  Ceases  sooner.    Same  period. 

longer.. 


PROBLEMS. 

All  thr  pn>l>U*iM<  on  vixlw-  gt^ars  involve  the  relations  between 
certain  varial>K'>  whioh  aiv  : 

The  viihe  lra\el. 
Aiiirle  of  lead. 
(>ul>i<le  lap. 
Inside  lap. 

l*nlnts  of  stroke  at  which  admission  cut-off.  release  and  compression 
take  place. 

In  designing  a  Slide  Valve,  a  few  of  these  variables  depend 
U|M)n  the  c(>n<litions  under  which  the  entwine  is  to  run.  For  instance, 
the  valve  travel  is  limited,  cntotf  must  l>e  at  a  certain  ]X)int  and 
the  engine  must  have  a  certain  lead.  Then,  with  the  aid  of  a  Zeiin- 
er's  diagram,  the  remaining  projKjrtions  of  the  valve  may  be  deter- 
mined. 

Let  us  consider  a    few  examjJes: 

(ii\cn  the  val\e  t  rax  el  -    :i  inches. 
Inside  lap  -    '\  inch. 

Angular  ad\ance  —8") 

Angle  at  eut-oll  =  llo 
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To  determine  the  laps,  the  lead  and  the  crank  angles  at 
admission,  compression  and  release. 

In  Fig.  20,  let  XY  represent  the  valve  travel  --—  3  inches. 
Draw  OM  perpendicular  to  XY,  and  on  XY  as  a  diameter  draw 
the  circle  XMYF  representing  the  j)ath  of  the  center  of  the  eccen- 
tric as  it  revolves  about  the  shaft.  Lav  off  the  antrle  MOE  —  the 
angular  advance  =  35'  so  that  the  angle  XOE  is  equal  to  W 


Fig.  26. 

mat  ((if  the  angular  advance.  Produce  K()  to  F.  Then  on  OE 
and  OF  as  diameters  draw  the  valve  circles.  The  eccentricity 
OE  or  OF,  if  no  rocker  is  used,  will  be  half  the  valve  travel.  Lay 
off  the  crank  angle  XOC  =^  ^^g'^  of  crank  at  cut-oif  ^^  115 ',  and 
OK  will  then  represent  the  distance  of  the  valve  from  mid-posi- 
tion when  cut-off  takes  place.  This  distance  we  know  is  the  out- 
side laj).  Draw  the  arc  KI,  known  as  the  lap  circle,  and  it  will 
cut  the  valve  circle  again  at  V.  When  the  valve  is  again  the  dis- 
tance OV  :^  the  outside  lap  from  mid-position,  admission  will  take 
place.  Draw  the  line  OVA  and  this  will  represent  the  j)Osition 
of  the  crank  at  admission. 
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When  the  crank  is  at  OX,  the  valve  displacement  is  eqaal  to 
OJ.  This  is  at  dead  center  and  the  valve  is  open  the  amount  IJ, 
for  it  has  moved  this  distance  more  than  the  outside  lap.  There- 
fore IJ  is  the  lead  for  this  end. 

Now  on  the  other  valve  circle,  draw  the  arc  PQ  with  the 
inside  lap  (|  inch)  as  a  radius.  It  will  cut  the  valve  circle  at 
P  and  Q.  When  the  valve  displacement  is  equal  to  OQ,  the 
exhaust  port  has  just  closed  and  the  engine  is  at  compression.  In 
the  same  way  OP  is  the  valve  displacement  at  release  when  the 
port  begins  to  open.  OQD  represents  the  crank  position  at  com- 
pression and  OPB  the  crank  position  at  release. 

The  results  then  are  as  follows  : 

Qiven : 

Valve  travel  =  XY  =  3  inches. 

Angular  advance  =  angle  MOE  =  36"^. 

Inside  lap  =  OP  =  %  inch. 

Crank  angle  at  cut-off  =  angle  XOC  IIS^" 

Found : 

Outside  lap  =  OK  =%  inch. 

Angle  of  lead  =  XOA  =  5^ 

Linear  lead  =  IJ  =  -^^  inch. 

Max.  port  opening  for  admiHsion  =  HE  =  %  inch. 

Crank  augle  at  compresHioii  =  XOD  =  185^ 

Crank  angle  at  release  =  XOB  ~  65^ 

Max.  port  opening  for  exhaust  =  FN  =  %  inch. 


Fig.  26  is  drawn  full  size,  and  all  of  these  measurements  may 
readily  he  veriiied.  This  figure  is  drawn  for  the  head  end  only. 
If  the  crank  angle  at  cut-off  is  the  same  on  both  ends,  the  Zeuner's 
diagram  for  the  crank  end  will  be  exactly  like  Fig.  26. 

ANOTHER  PROBLEM. 


Given : 

The  valve  travel 

—  8  inches. 

The  lead  angle 

-  6  . 

(^rank  augle  at  cut-off 

=  70  \ 

.Crank  angle  at  compression 

-  lb\ 

To  Find : 

Angular  advance. 

Ijaps. 

Linear  lead. 

Crank  angle  at  release. 

As  before,  let  XY  represent  the  valve  travel  =  3  inches  and 
draw  OM  and  the  circle  XMYF.     bee  Ficr.  27.     Lay  off  the  lead 
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angle  XOA  =  6°.  Then  OA  represents  the  crank  position  at 
admission.  Next  lay  off  the  crank  angle  XOC,  the  angle  at  cut- 
off 70^  Bisect  the  angle  COA  by  the  line  OE  and  on  OE  draw 
the  valve  circle.  Angle  MOE  =  the  angular  advance.  The  valve 
circle  will  cut  the  crank  lines  OC  and  OA  at  Kand  V  respectively. 
If  the  work  has  been  carefully  done,  OK  will  be  exactly  equal  to 
OV  and  will  represent  the  outside  lap.  The  lead  is  IJ  as  before. 
Draw  OD  at  position  of  the  crank  at  compression  so  that  angle 
XOD  =  75".     Continue  OE  to  cut  the  eccentric  circle  at  F.     On 


Fig.  27. 

OF  draw  the  second  valve  circle.  It  will  cut  OD  at  Q,  and  OQ 
will  represent  the  inside  lap.  Draw  the  lap  circle  OP,  and  the 
crank  position  OPB.    This  will  be  the  crank  position  at  release. 

The  angular  advance  in  this  problem  is  large  and  all  the 
events  of  the  stroke  are  early.  Compression  and  release  are  excess- 
ively early  and  the  outside  lap  is  unusually  large.  In  the  previ- 
ous problem,  with  cut-off  at  about  two- thirds  stroke,  the  results 
were  nearly  normal.  Cut-off  with  the  plain  slide  valve,  earlier 
than  half  stroke  cannot  be  had  without  sacrificing  the  steam  dis- 
tribution on  the  other  events. 
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To  sum  up  we  have 

Given : 

Valve  travel  =  XY      =  3  inches. 

Lead  angle  =  XOA  =  6'. 

Crank  angle  at  cut-oflf  =  XOO  =  70'^ 

Crank  angle  at  compres^on  =  XOD  =  75°. 

To  find : 

Angular  advance  =  MOE  =  58°. 

Outside  lap  =  OV      —  I  A  inches. 

Lead  =  IJ        =  i^  inch. 

Inside  lap  =  OQ      =  a%  inch. 

Orank  angle  at  release  =  XOB  =  130\ 

Suppose  in  this  last  problem  the  cut-off  had  been  given  at 
half  stroke  instead  of  havincr  the  crank  angle  given,  and  that  the 
compression  had  been  given  in  the  same  way.  We  should,  of 
course,  need  to  know  the  ratio  of  length  of  connecting  rod  to 
crank.  Let  this  be  given  as  4,  that  is,  the  connecting  rod  is  four 
tinkes  the  length  of  the  crank. 

In  Fig.  28  let  XY  represent  the  valve  travel.  Extend  XY 
to  the  left  to  the  point  Z,  and  make  OZ  equal  to  four  times  OX. 
With  Z  as  a  center  and  OZ  as  a  radius,  strike  an  arc  ()C  that  will 
cut  the  eccentric  circle  at  C;  tlien  draw  ()(\  which  will  represent 
the  crank  when  the  piston  is  at  half -stroke,  which  is  assumed  to 
be  the  point  of  cut-off. 

To  lind  the  crank  angle  at  compression,  lay  off  YH  equal 
to  .8  of  the  distance  YX.  From  II  lav  off  II AV^  =  OZ  =  four  times 
OX.  From  ^\  as  a  center  with  a  radius  WII,  draw  an  arc  cut- 
ting the  eccentric  circle  at  I).  Draw  OI),  which  will  represent 
the  position  of  the  crank  at  compression. 

The  student  is  advised  to  read  over  again  ])ages  18  to  14  if  this  expla- 
nation of  linding  the  crank  angle  does  not  seem  perfectly  clear. 

ANOTHER  PROBLEM. 


Qiven : 

Cut  ofTat  .(»  stroke. 

Lead 

1 

inch. 

Maxluuun  j)ort  opening 

—  1/ 

—  .  '2 

inch. 

Ratio  ofcnink  to  connecting 

rod 

=-  4. 

To 

find: 

'I'hc  eeeentricity. 
Lead  angle. 
Angular  advance. 
Tiaps. 

IM 
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In  Fig.  29  assume  an  eccentricity  that  will  if  possible  be  a 
little  too  large.  Let  us  take  for  trial  2|  inches  and  draw  XY 
eqaal  to  twice  the  assumed  eccentricity  equal  to  4^  inches.  Lay 
off  XC  equal  to  .0  of  XY, 
and  with  a  radius  equal  to 
four  times  OX  draw  the  arc 
C'C  as  already  explained. 

Then  draw  OC,  which 
will  represent  the  position  of 
the  crank  at  cut-off,  and 
XOC  will  be  the  crank-angle 
at  cut-off.  Assume  a  lead 
angle  of  about  7^  and  draw 
OA,  which,  if  this  assump- 
tion be  true,  will  represent 
the  crank-angleatadmission. 
Bisect  the  angle  CO  A  by  the 
line  OE,  and  on  OE  draw 
the  valve  circle.  Draw  the 
lap  circle  VNK.  With  this 
assumed  eccentricity  we  find 
a  maximum  port  opening  of 
NE  =  .75  inch,  which  is 
larger  than  the  conditions  of 
the  problem  demand.  We 
may  then  form  a  proportion, 
namely: 

The  actual  port  opening  de- 
sired :  the  port  opening  with  the 
assumed  eccentricity : :  probable 
eccentricity:  assumed  eccentric- 
ity. 

Substituting  the  figures 

we  have  .5  :  .75  :  :  r  :  2J  .*. 
i/'  _-  the  probable  c*ccentric- 
ity;  equals  1.42  inches. 

Now  draw  on  ()E,a  new 


N. 


valve  circle  (dotted)  with  a  diameter  equal  to  the  required  eccen- 
tricity of  1.42  inches.     See  Fig.  2\)a.     It  will  cut  the  crank  line 
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00  at  K',  and  OK'  vill  be  the  oew  outside  lap  and  I'J'  will  be 
the  new  lead  (assuming  the  lead  an^le  to  be  7°).  This  lead  IT  ie 
^  inch,  while  the  required  lead. is  only  -j^  inch.  Now  decrease  the 
angular  advance  enough  to  correct  one  half  of  this  difference,  by 
drawing  a  new  lap  circle  J"K"  of  y^,  inch  greater  radius.  This 
will  make  the  valve  circle  cut  O  C  at  K",  so  that  O  K"  will  now  be 


the  final  lap,  and  I"J"  the  final  lead,  which  is  equal  to  the  required 
i*^  inch.  The  lead  angle  is  now  XOA'  instead  of  XOA.  The  port 
opening  at  N 11'  is  ^  inch  (nearly)  as  required,  but  the  change  in ' 
angular  advance  uecessitates  an  increase  of  lap  if  cut-off  is  to 
remain  the  same.  This  reduces  the  port  opening  by  the  amount 
ilir.  BO  that  the  maximum  opening  Is  only  .46  inch.  By  increas- 
ing the  eccentricity  this  port  opening  may  be  increased. 
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.46  :  .50  :  :  1.30  :  x. 

X  =  1.48,  the  true  eccentricity. 

Now  draw  the  valve  circle  on  OE'  with  a  diameter  of  1.48 
inches.  It  will  cut  OC  in  K'"  and  OX  in  J'".  The  lap  will  be 
OK'"  =  .97  inch,  the  lead  will  be  Y"  J"'  =  ^o  ^'^ch,  the  angular 
advance  will  be  MOE'  and  the  eccentricity  ON'. 

To  sum  up  we  have 

Qlven : 

The  cutK)ff  =  .6  stroke. 

The  lead  =  i^,  inch 

Max.  port  opening  =  %  inch. 


S 

o 
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Obtained  all  of  the  above  eoDditions  together  with: 

Lap  =  .97  inch. 

Lead  angle  =  XOA' "" 

Angular  advance  ™  MOE'  ^ 

Compression,  release  and  inside  laps  ara  fonnd  as  in  the  pre- 
vious problems. 

There  are  of  course  all  sorts  of  combinations  that  would  make 
up  different  problems,  but  they  can  all  be  solved  in  the  same  gen- 
eral way,  as  they  are  modifications  of  the  above. 

DESIGN  OF  THE  SLIDE  VALVE. 

In  designing  a  slide  valve  some  of  the  variables  are  assumed 
and  the  others  are  found  by  means  of  diagrams  as  we  have  already 
seen.  These  diagrams  show  only  the  dimensions  of  the  inside  and 
outside  laps  and  travel  of  valve;  the  other  dimensions  of  the  valve 
and  seat  must  be  calculated. 

Area  of  Steam  Pipe.  Pipes  that  supply  the  steam  chest 
should  be  large  enough  to  prevent  an  excessive  loss  of  pressure  due 
to  friction.  If  the  pipes  are  long  they  should  be  of  such  size  that 
the  mean  velocity  of  steam  in  them  does  not  exceed  100  feet  per 
second  or  0,000  feet  per  minute.  For  this  calculation  it  is  usual 
to  assume  steam  admitted  to  the  cylinder  durincr  the  whole  stroke. 

P^or  example.  Suppose  an  engine  is  10"  X  18",  and  makes 
ISO  revolutions  per  minute.  AVhat  is  the  diameter  of  the  steam 
pipe  'i 

The  piston  displacement  or  volume  of  the  cylinder  is  : 

nrP         ,        3.U1()    X   10-^         ,^        .,..>~o      a.     .     1 
— r-  X    ^  = ; X    18  =  1418.72  cubic  inches. 

4  4: 

1413.72         ^^^       ,.    ^ 
,^,^     =-  .818  cu1)ic  feet. 
1728 

If  the  engine  makes  180  revolutions  it  would  use  2  X  180  X 

.818  =  204.48  cul)ic  feet  |)er  minute. 

294.48 
The  area  would  be  =  ~W)il(T  ~  -^^^^08  sq.  ft.  =  7.0075  sq.  in. 

The  diameter  corresponding  to  7.0075  square  inches  is  3 
inches. 

A  three- inch  pipe  would  be  large  enough,  especially  if  the 
engine  cut  oif  early  in  the  stroke. 
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For  a  very  large  engine  cutting  oflf  early,  the  allowable  veloc- 
*^y  may  be  taken  as  8,000  feet  per  minute  instead  of  6,000  feet. 

Width  of  Steam  Port.  The  port  opening  at  admission  should 
STive  nearly  as  great  an  area  as  the  steam  pijie  in  order  to  prevent 
I^^ss  of  pressure  due  to  wire-drawing,  but  the  actual  width  of  the 
porl  should  be  great  enough  for  the  free  exhaust  of  steam.  "It 
^s  well  to  have  the  steam  port  a  little  larger  than  the  area  of  the 
steam  pipe,  then  with  a  port  opening  of  .fi  to  .9  of  the  port  area 
'^r  admission  and  full  port  opening  at  exhaust,  satisfactory  condi- 
tions will  result. 

The  length  of  the  ports  is  usually  made  about  .8  the  diameter  of 
the  cylinder.  Then  in  the  10"  X  18"  engine  the  steam  ports  would 
^>«  8  inches  long.  If  the  area  for  admitting  steam  is  8.0075  square 
inches   and    the   length  of   port  is  8  inches,  the   width  will    be 

7.0675  r^i^r^A     .1  1  rr    .         1 

==  — g —  =  .8834  mcb,  or  about  A  inch. 

o 

The  width  of  port  opening  would  be  about  .9  X  .8834  =  .79506 
ineh  or  about  \^  inch. 

Width  of  Exhaust  Port.     When    the    slide    valve    is    at    its 

Tnaximum  displacement,  the  valve  overlapping  the  exhaust  port 

as  shown  in  Fitj.  7  reduces  the  area  more  or  less.     In  desicrnina 

tile  valve,  the  exhaust  port  should  be  of  such  a  width  that  the 

uiaxiinum  displacement  of  the  valve  does  not  reduce  the  area  of 

the  exliaust  port  to  less  than  the  area  of  the  steam  port.     It  is  not 

ailvisable  to  make  the  exhaust  port  too  large   for  this  increases 

the  sixe  of  the  valve  and  thus  causes  excessive  friction. 

The  height  of  the  exhaust  cavity  should  never  be  less  than  the 
^^'*<Jth  of  the  steam  port,  and  may  be  made  much  higher  to  advantage. 
Width  of  Bridge.  The  bridge  must  be  of  sutticient  width  so 
that  outside  edges  of  the  valve  cannot  uncover  the  exhaust  port. 
Ihe  width  of  the  steam  port  plus  the  width  of  the  outside  lap  plus 
the  width  of  the  bridge  must  be  greater  than  the  maximum  dis- 
pl'^^ceiuent. 

The  width  of  the  bridges  should  be  not  less  than  the  thickness 
^1  the  cylinder  w^all  in  order  to  make  a  good  casting. 

The  Point  of  Cut-off.  In  the  study  of  Indicators,  it  was  shown 
that  if  the  point  of  cut-off  is  early,  the  other  events  are  not  good. 
I^a  plaiu  slide  valve  is  used  with  an  automatic  cut-olf,  the  cut-off 
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is  hastened  either  by  changing  the  eccentricity  or  by  cliangiiig 
the  angular  advance.  Either  of  these  methods  will  accomplish  the 
result  at  the  expense  of  the  compression  which  consequently  will 
be  earlier  and  excessive.  Except  for  locomotives  and  highspeed 
engines,  where  compression  is  an  advantage,  the  plain  slide  vaWe 
is  not  arranged  to  cut-off  earlier  than  i  or  §  stroke.  If  an  earlier 
cut-off  is  desired,  large  outside  laps  are  necessary.  The  cut 
may  be  equalized  by  giving  the  head  end  a  greater  lap  than 
crank  end,  but  this  will  cause  an  inequality  of  lead. 

Lead.  The  lead  of  stationary  engines  varies  from  zero  to| 
inch  according  to  the  style  of  engine.  An  engine  having  high 
compression  that  compresses  the  steam  nearly  to  boiler  pressure, 
will  give  good  results  with  little  or  no  lead.  If  the  ports  are  small, 
and  the  clearance  large,  there  should  be  considerable  lead  in  order 
to  insure  full  initial  pressure  on  the  piston  at  the  beginning  of  the 
stroke.  Valves  that  oj)en  slowly  require  more  lead  than  quick- 
acting  valves. 

Let  us  design  and  lay  out  the  valve  and  valve  seat  for  the  fol- 
lowincr  engine: 

Diameter  of  cylinder  =  10  inches. 

Stroke  =18  inchos. 

Revolutions  =  180  ])er  minute. 

Lead  an^lo  =  3"^. 

Cut-otT  to  be  equal  at  both  ends  and  to  take  place  at  .75  stroke. 

Max.  i>ort  oi)enint?  —  .9  area  of  steam  pipe. 

Compression  to  be  .85  of  the  stroke  at  both  ends. 

Length  of  connecting  rod  =  3  feet. 

The     j)iston     displacement,    or    cylinder     volume,    will  be 
\^     -  X 18  -^  1413.7  cu])ic  inches  or  .818  cubic  feet.    If  the 

4: 

engine  makes  180  revolutions,  it  will  use  2  X  180  X  .818  =  294.48 
cubic  feet  of  steam  per  minute.     Steam  pipe  area  =  ""^  ^'      =  .0491 


6000 

square  feet  =  7.07  scjuare  inches. 

This  7.07  square  inches  would  also  be  the  least  possible  area 
of  the  steam  ports.     If  the  length  of  })ort  is  made  .8  the  diam- 

eter  of  cylinder,  the  width    will  be    -'—-  =  .88  inches  or  about  j 

inch.   The  width  of  maximum  port  opening  will  be  .9  X  .88  =  .79-' 
or  nearly  |  J  inch. 


170 


VALVE  GEARS 


.33 


It  will  be  necessary  to  draw  a  separate  valve  circle  for  each 
end  of  the  cylinder.     First  consider  the  head  end. 

The  valve  travel  not  being  known,  we  shall  lay  off  XV  on  an 
assumption  of  6  inches  travel  and  draw  the  eccentric  circle  as 
sliown  in  Fig.  30.  Lay  off  the  lead  angle  XOA  =^  8  .  Lay  off 
XC  =  .75  of  the  assumed  valve  travel  =  4A  inches.  Draw  the 
arc  CC  as  previously  explained  and  draw  OC  which  will  be  the 
crank  angle  at  cut-off.     The  radius  of  the  arc  C'C  will  be  equal  to 


Fig.  30. 

4  times  the  radius  of  the  eccentric  circle,  or  12  inches,  because 
the  connecting  rod  is  4  times  the  length  of  the  crank.  Bisect 
the  angle  AOC  by  the  line  OE,  and  on  OE  draw  the  valve  circle. 
OV  =  OK  is  then  the  outside  lap,  with  these  assumed   condi- 
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tiona.  Draw  the  lap  circlu;  then  EN  will  be  the  iiinxiitnitn  port 
opening,  .  KN  —  1^  inches,  while  [J  inch  is  all  that  ia  necessary. 
The  assumed  eccentricity  ie  3  inches,  therefore  the  prohable  eccen- 
tricity =  a  :  3  :  :  II-  :  1^'',.    a?  =  1{^  inches. 

Now  draw  a  new  eccentric  circle  with  a  radius  of  l^J  inches 
and  a  new  valve  circle  with  OE'  =  Ij  J  inches  as  a  diameter.  OK* 
IB  now  the  outside  lap  and  the  maxiiniini  port  o[>eiiing  is  equal  to 
E'N',  which  from  actual  measurement  is  found  to  be  |  J  inch.  The 
outside  lap  =  OK'  —  OV  —  *J  inch  and  the  lead  is  IJ  =  ^\  inch. 

Produce  EO  to  F  and  draw  another  valve  circle.  We  shall 
use  this  valve  circle  to  determine  the  outside  laps  and  lead  for  the 
crank  end  of  the  cylinder.  Since  the  cut-off  is  to  be  .75  of  the 
stroke,  we  may  lay  off  OH'  =^  OC,  and  with  a  radius  of  12  leches 


draw  the  arc  IIII'.  Tlieri,  hh  already  e.\plainiHl,  Oil  will  lie  the 
crank  angle  at  cut-off  on  the  return  stroke.  OB  will  he  the  out. 
side  lap  --=  J^  inch.  Draw  the  liip  circle  intersecting  the  valve 
circle  at  D.  Tlien  ODA'  is  the  ciaiik  angle  at  admission  on  the 
return  stroke  and  LM  =  jj  inch  is  the  lead  on  the  crank  end  of  the 
cylinder.  The  niaxinium  jwrt  ojRMiingwill  always  be  greater  at  the 
crank  end  than  at  the  head  end  because  the  crank  end  lap  is  less 
in  orderto  get  the  equal  cut-off.  If  the  laps  were  equal,  of  course 
the  ]K)rt  openings  would  be  equal. 

Xow  lay  off  Y<j'  :=  .85  of  XY  and  Hnd  the  crank  position 
OG.  This  is  tlie  compression  on  the  head  end  of  the  cylinder  and 
gives  an  inside  lap  on  this  end  of  .^^  inch,  which  is  equal  to  OP. 
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DraA^'  the  lap  circle  PQ,  which  allows  lis   to  draw  through  Q  the 
eraiilc  line  OR,  which  is  the  release  on  the  forward  stroke. 

Lay  off  XS'  --  YG'  =^-  .85  of  XY,  and  construct  the  crank 
line  OS,  which  is  the  crank  position  at  the  crank  end  compression. 
OS  intersects  the  valve  circle  at  T,  which  gives  ()T  =  -^\  inch  = 
inside  lap  on  the  crank  end.  Draw  this  lap  circle,  which  will 
intersect  the  valve  circle  at  U.  This  enables  us  to  draw  OU  W,  the 
crank  angle  at  release,  on  the  return  stroke. 

From  the  data  determined  by  means  of  these  diagrams  the 
valve  may  now  be  laid  out.  For  convenience  let  us  tabulate  the 
results  obtained  as  follows: 


Data.                     ] 

lead  End. 

Crank  End. 

Cut-off,  per  cent  of  Stroke 

75 

75 

Outside  Tiap 

ir 

U" 

Inside  Lap 

^V 

iV" 

Lead 

A 

1" 

Port  Opening 

fj" 

ItV" 

Width  of  Port 

7" 

-a 

1" 

Fig.  31  shows  this  valve  in  section.     I^t  us  begin  at  the  end 

"*^ing  the  largest  inside  lap,  or  in  this  case  at  the  crank  end. 

^y  out  the  steam  port  ^  inch  wide,  and  the  crank-end  outside  lap 

"^  ^1   inch.     The  bridge  will  be,  say,  |  inch  wide.     From  the 

^^ev  edge  of  the  steam  port,  lay  off  the  crank-end  inside  lap  = 

J<     inch.     When  the  valve  moves  to  the  left,  tlie  point  E'  will 

^^1   IJ  J   inches,  a  distance  equal  to  the  eccentricity,  and  in  this 

P^^tion  of  extreme  displacement  the  exhaust  port  EF  mnst  be  open 

^niount  at  least  equal  to  the  steam  port,  ^  inch.     Therefore  we 

V  oft  EF  equal  to  1  j|"  +  |"  =  23.%".     The  inside  lap  overlaps  the 

S^  nearly  J  inch,  so  that  we  shall  have  to  make  tlie  exhaust 

I    5^    opening  equal  to  2^  inches.     Lay  off  |  inch  again  for  the 

iQg^  and  measure  back  ^\  inch,  equal  to  the  head-end  inside 

.  P'       The  port  is  J  inch  wide,  and  the  head-end  inside  lap  of  |J 

^*^  completes  the  outline  of  the  valve  seat. 

VALVE    SETTING. 

The  principles  of  valve  diagrams  are  useful  in  setting  valves 

^  ^'ell  as  in  designing  them.     The  valve  is  nsually  set  as  accu- 

^^*^^y  as  |)088ible,  and  then,  after  indicator  cards  liave  been  taken, 
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the  final  adjustment  can  be  made  to  correct  slight  irregularities. 

The  slide  valve  is  so  designed  that  the  laps  cannot  be  altered 
without  considerable  labor,  and  the  radius  of  the  eccentric,  which 
determines  the  travel  of  the  valve,  is  usually  fixed.  The  adjust- 
able parts  are  commonly  the  length  of  the  valve  spindle  and  the 
angular  advance  of  the  eccentric. 

By  lengthening  or  shortening  the  valve  spindle,  the  valve  is 
made  to  travel  an  equal  distance  each  side  of  the  mid-position. 
Moving  the  eccentric  on  the  shaft  makes  the  action  of  the  valve 
earlier  or  later  as  the  angular  advance  is  increased  or  decreased. 

To  Put  the  Engine  on  the  Center.  It  is  usual  to  put  the 
engine  on  center  before  setting  the  valve.  First  put  the  engine 
in  a  position  where  the  piston  has  nearly  completed  the  outward 


Fifr.  32. 

stroke,  and  make  a  mark  M  on  the  guide  opposite  the  corner  of 
the  crosshead  or  at  some  convenient  place.  Also  make  a  mark, 
with  a  center  punch,  on  the  frame  of  the  engine  near  the  crank 
disc  or  on  the  floor.  With  this  punch  mark  Pas  a  center, describe 
an  arc  C  on  the  wheel  rim,  v/ith  a  tram.  A  tram  is  a  steel  rod 
with  its  ends  bent  at  right  angles  and  sharpened. 

Turn  the  engine  past  the  center  until  the  mark  on  the  guide 
again  corresponds  with  the  corner  of  the  crosshead,  and  make 
another  mark  D  on  the  wheel  with  the  tram,  keeping  the  same 
center.  With  the  center  of  the  pulley  or  crank  disc  as  a  center, 
describe  an  arc  CI)  on  the  rim.  which  intersects  the  two  arcs  drawn 
with  the  tran).  Bisect  the  arc  (M)  on  the  rim,  included  between 
the  two  short  arcs,  and  turn  the  engine  until  the  new  point  E  is  at 
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a  distance  from  the  point  on  the  frame  equal  to  the  length  of  the 
tram,  in  which  position  the  engine  will  be  on  the  center. 

The  engine  should  always  be  moved  m  the  direc*tion  in  which 
it  is  to  run  so  that  the  lost  motion  of  the  wrist  pin  and  crank  pin 
M'ill  be  taken  up  the  right  way.  In  ease  the  engine  has  been 
moved  too  far  at  any  time,  it  should  be  turned  back  beyond  the 
desired  point  and  brought  up  to  that  point  while  the  engine  is 
moving  the  right  way. 

To  Set  the  Valve  with  Equal  Lead.  Set  the  engine  on  the 
dead  point  and  give  the  eccentric  the  proper  angular  advance. 
Adjust  the  length  of  the  valve  spindle  to  give  the  proper  lead  for 
that  end.  Now  place  the  engine  on  the  other  dead  point  and 
measure  the  lead  at  that  end.  If  the  leads  are  unequal,  correct 
half  the  error  by  changing  the  length  of  the  valve  spindle  and 
the  other  half  by  altering  the  angular  advance.  In  case  the  valve 
gear  has  a  rocker,  the  length  of  the  spindle  should  be  such  that 
the  rocker  will  move  as  designed.  The  angular  advance  should 
not  l>e  changed,  but  the  equal  lead  should  be  obtained  by  means 
of  the  valve  spindle  or  the  eccentric  rod. 

Second  Method.  In  case  it  is  difficult  to  turn  an  engine  the 
following  method  may  be  used.  First  loosen  the  eccentric  on 
the  shaft  and  turn  it  around  until  it  gives  niaxinnini  port  ojHjning 
first  at  one  end  and  then  at  the  other.  If  the  niaxiniuin  port 
openings  are  not  equal,  make  them  so  by  changing  the  length  of 
the  valve  spindle  by  half  the  difference.  When  the  above  adjust- 
ment has  been  made,  set  the  engine  on  dead  center  and  give  the 
valve  the  proper  lead  by  turning  the  eccentric  on  the  shaft.  The 
angular  advance  is  thus  adjusted. 

To  Set  the  Valve  for  Equal  Cut-off.  Place  the  engine  on  the 
dead  point,  give  the  eccentric  the  proper  angular  advance  and 
the  valve  the  proper  lead.  Move  the  engine  forward  until  cut-off 
occurs,  then  measure  the  displacement  of  the  crosshead  from  the 
beginning  of  the  stroke.  Continue  moving  the  engine  forward, 
until  cut-off  takes  place  on  the  return  stroke  and  measure  the  dis- 
placement of  the  crosshead  from  the  beginning  of  this  stroke  to 
this  point. 

In  case  the  cut-off  is  earlier  at  the  crank  than  at  the  head-end, 
the  valve  spindle  is  too  short.     Adjust  the  length  of  the  spindle 
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80  that  the  inequality  will  be  corrected.  Now  set  the  engine  on 
the  dead  point  again  and  give  the  valve  the  proper  lead  by  means 
of  the  eccentric.  By  repeating  the  process,  making  slight  changes, 
the  desired  result  will  be  obtained. 

MODIFICATIONS  OF  THE  SLIDE  VALVE. 

The  ordinary  slide  valve  is  suitable  for  small  engines;  but  for 
large  sizes  some  method  must  be  employed  to  balance  the  steam 
pressure  on  the  back  of  the  valve.  With  large  valves,  such  for 
instance  as  those  of  locomotives  or  large  marine  engines,  a  great 
force  is  exerted  by  the  steam,  and  the  valve  is  forced  against  its 
seat  so  hard  that  a  large  amount  of  power  is  necessary  to  move  it. 
This  excessive  pressure  causes  the  valve  to  wear  badly  and  is  a 
dead  loss  to  the  engine.  The  larger  the  valve,  the  greater  this 
loss  will  be. 

Piston  Valve.  To  prevent  excessive  pressure  on  the  back  of 
the  valve,  the  piston  valve  is  commonly  used,  especially  in  marine 
engines.  This  valve  consists  of  two  pistons,  which  cover  and 
uncover  the  ports  in  precisely  the  same  manner  as  the  laps  of  the 
plain  slide  valve.  These  pistons  are  secured  to  the  valve  stem  in 
an  approved  manner  and  are  lilted  with  packing  rings. 

The  valve  seat  consists  of  two  short  cylinders  or  tubes 
accurately  bored  to  lit  tlu^  |)istons  of  the  valve.  The  port  open- 
ings are  not  continuous  as  in  the  plain  slide  valve,  but  consist  of 
many  small  openincrs,  the  l)ars  of  metal  between  these  oj>enings 
preventing  the  ])acking  rino;s  from  springing  out  into  the  ports. 

Steam  may  be  admitted  to  the  middle  of  the  steam  chest  and 
exhausted  from  the  ends  or  vice  versa.  AV'itli  the  former  method, 
the  live  steam  is  well  separated  from  the  exhaust,  and  the  valve- 
rod  stuffing  box  is  exposed  to  exhaust  steam  only.  This  is  a  good 
arrangement  for  the  liigh-j)ressure  cylinder;  if  used  for  a  cylinder 
in  which  there  is  a  vacuum,  air  may  leak  into  the  exhaust  space 
through  the  valve-rod  stuffing  box.  With  this  armngement  the 
steam  laps  must  be  inside  and  the  exhaust  laps  on  the  outside  ends. 

The  })iston  valve  may  be  laid  out  and  designed  by  means  of 
the  Zeuner  diagram  just  as  if  it  were  a  plain  slide  valve,  and  the 
action  is  the  same  except  that  it  is  balanced  so  far  as  the  steam 
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pressare  is  conctrned;  the  power  to  drive  it  being  only  that  neces- 
eary  to  overcome  the  friction  due  to  the  spring  ringn. 

Fig  3S  ebons  a  eection  ot  the  piston  valve  and  the  high- 
pressure  cylinder  for  one  of  the  engines  of  the  l'.  S.  S.  "  Massa- 
chusetts This  valve  consists  of  two  jiistons  conniHitwi  by  a 
aleeve  through  whuh  the  valve  rod  {lasset  This  valve  ro<l  is  pro- 
longed to  a  small  balancing  piston,  place<l  direi-tly  over  the  main 


valve.  The  upper  end  of  the  balancing  cylinder  does  not  admit 
steam,  so  that  th^  steam  pressure  below  the  balancing  piston  will 
practically  carry  the  weight  of  the  piston  valve,  tliiia  relieving  the 
valve  gear  and  making  the  balance  more  nearly  complete, 

Double-Ported  Valve.  8oinetintes  it  h  imjio^sible  to  get 
Bufticient  port  opening  for  engines  of  large  diameter  and  short 
stroke,  especially  those  having  a  plain  slide  valve  with  short  travel. 
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This  diffitiulty  may  be  overcome  by  means  of  the  double -ported 
valve  bIiowd  in  Fig.  31.  It  is  equivalent  to  two  plain  slide  valves, 
each  having  its  laps.  The  inner  valve  ia  similar  to  a  plaia  elide 
valve  except  that  there  is  eonimunicftion  between  the  exhaost 
space  and  the  exhaust  space  of  the  outer  valve.  Each  passage  to 
the  cylinder  has  two  ports;  a  bridge  separates  the  exhaust  of  the 
outer  valve  from  the  steam  space  of  the  inner  valve,  and  the  outer 
valve  ia  made  long  enough  to  admit  steam  to  the  inner  valve. 


Fig.  Hi. 


This  valvo  may  bo  considered  as  equivalent  to  two  equal  slide 
valves  of  the  same  travel,  each  having  one-half  the  total  port 
opening.  To  admit  the  same  amount  uf  steam  as  a  plain  slide 
valve,  the  double- |)orted  valve  retjuirea  hut  half  the  valve  travel; 
this  is  advantageous  in  high-speed  engines. 


To  balance  the  excessive  steam  pressure,  the  hack  of  the  valve 
is  sometimes  provided  with  a  projecting  ring  which  is  fitted  to  a 
similar  ring  witliin  the  top  of  the  valve  cheat.  These  rings  are 
planed  true,  ami  fit  so  that  steam  is  jirevented  from  acting  on  the 
back  of  the  valve.  The  space  inside  the  rings  is  sometimes  placed 
iu  communication  with  the  condenser. 
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The  Trick  Valve.     The  defect  of  the  plain  slide  valve,  due  to 

the  slowness  in  opening  and  closing,  is  largely  remedied  in  the 

trick  valve,  which  is  so  made  that  a  double  volume  of  steam  enters 

(luring  admission.     Thus  a  quick  and  full  opening  of  the  port  is 

obtained  with  a  small  valve  travel. 

In  Fig.  35  the  valve  is  shown  in  mid-position.  It  is  similar 
to  a  plain  slide  valve  except  that  there  is  a  passage  PP  through  it. 
It  has  an  outside  lap  O  and  an  inside  lap  I.  The  seat  is  raised 
and  has  steam  ports  SS,  bridges  BB,  and  exhaust  port  E.  If  the 
valve  moves  to  the  right  a  distance  equal  to  the  outside  lap  plus 
the  lead,  it  will  be  in  the  position  shown  in  Fig.  30.  Steam  will 
be  admitted  at  the  extreme  left  edge  of  the  valve  just  the  same  as 
though  it  were  a  plain  slide  valve;  also,  since  steam  surrounds  the 
valve  it  will  be  admitted  through  the  passage  as  shown  in  Fig.  36. 


Fig.  36. 


Fig.  37. 


If  the  lead  is  the  same  as  for  a  plain  slide  valve,  -^\  inch  for 
instance,  this  valve  would  give  double  the  port  0})ening,  that  is  J 
inch,  when  the  valve  was  open  a  distance  equal  to  the  lead. 

Fig.  37  shows  the  valve  when  it  is  in  its  extreme  position  to 
the  right  and  the  port  is  full  open  to  steam. 

Piston  valves  are  also  made  with  a  passage  similar  to  that  of 
the  trick  valve  for  double  admission.  The  valve  used  with  the 
Armington  and  Sims  engine  is  perhaps  the  best  example. 

Balanced  Valves.  Since  there  is  a  wide  difference  between 
the  pressure  of  admission  and  exhaust,  there  must  always  be  a 
great  pressure  acting  upon  the  valve,  causing  it  to  run  hard  and 
wear  excessively.  The  greater  the  steam  pressure,  the  lower  the 
pressure  at  exhaust  and  the  larger  the  valve,  the  greater  this  pres- 
sure will  be. 
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Piston  valves  are  commonly  used  on  the  high  and  intermedi- 
ate cylinders  of  triple-expansion  engines,  and  if  well  made  and 
fitted  with  spring  rings,  should  not  leak.  Small  piston  valves  are 
often  made  without  packing  rings;  but  even  if  they  fit  accurately 
when  new,  they  soon  become  worn  and  cause  trouble. 

The  double-ported  valve,  the  trick  va^ve,  and  others  often  have 
some  device  for  relieving  the  pressure,  such  as  a  bronze  ring  or 
cylinder,  fastened  to  the  back  of  the  valve.  This  ring  is  pressed 
by  springs  against  a  iinished  surface  of  the  valve  chest  cover,  and 
the  space  thus  enclosed  by  the  ring  may  be  connected  to  the 
exhaust.  There  are  numerous  devices  for  balancing  valves,  but 
they  are  usually  more  or  less  expensive  and  are  liable  to  cause 
trouble  from  leakage. 

STEPHENSON  LINK  MOTION. 

One  of  the  earliest,  and  at  present  one  of  the  most  common 
mechanisms  for  reversing  engines,  or  changing  the  ratio  of  expan- 
sion, is  the  Stephenson  link  motion,  shown  in  Fig.  8S.  This  illus- 
tration is  taken  from  the  drawings  of  a  recent  battleship  engine, 
and  may  be  considered  the  ty])ical  arrangement  of  the  Stephenson 
gear  as  applied  to  marine  practice. 

The  two  eccentrics  E  and  K',  whose  centers  are  at  C  and  C, 
re8j)ectively,  are  shown  in  their  relative  positions  when  the  crank 
OA  is  at  dead  center.  The  eccentric  rods  li  and  R'  are  connected 
by  forked  ends  to  the  link  ])ins  11  and  G.  The  link  consists  of 
two  curved  bars  bolted  together  in  such  a  manner  that  they  may 
slide  by  the  link  block  X.  On  the  link  are  three  sets  of  trunions; 
the  two  outer  ones,  or  link  j)ins,  are  fitted  into  the  forked  end  of 
the  eccentric  rods,  and  the  middU^  one,  known  as  the  saddle  pin, 
is  fitted  into  the  end  of  the  drag  links  FM. 

The  valve  stem  has,  at  its  lower  end,  a  pivoted  block  K,  called 
the  link  block,  j)rovided  with  slotted  sides  through  which  the  links 
can  slide  from  right  to  left.  The  reverse  shaft,  or  rock  shaft,  K, 
here  shown  in  full  gear  '*  forward,"  may  be  turned  until  F  moves 
over  .to  B;  in  this  position  the  link  will  be  pushed  across  the  link 
block,  and  the  valve  will  get  its  motion  from  the  rod  II'  instead 
of  from  R  as  before.  The  link  in  this  position  would  be  full  gear 
"astern." 
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In  all  large  engines,  Bucli  as  marine,  the  reverse  shaft  is 
turned  by  power,  but  in  smaller  engines,  such  as  locomotives,  the 
engineer  can  turn  the  shaft  by  means  of  a  lever. 

When  set  full  gear  forward,  as  in  Fig.  38,  the  valve  admits 
steam  to  the  crank  end  of  the  cylinder,  and  the  crank  revolves  as 
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shown  by  the  arrow.  As  the  crank  turns,  both  eccentrics  impart 
motion  to  the  link,  but  the  "'go  ahead *'  link  pin  H  approximately 
coincides  with  the  link  block,  so  that  nearly  all  its  up-and-down 
motion  is  transmitted  to  the  valve  stem,  while  the  ''go  astern" 
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eccentric  exerts  but  little  effect  upon  the  link  block.  Moving  the 
drag  links  over  to  the  extreme  right  reverses  all  these  conditions 
by  bringing  the  other  link  pin  under  the  link  block.  In  this  posi- 
tion, steam  will  be  admitted  to  the  other  end  of  the  cylinder,  and 
the  encriiie  will  run  in  the  opposite  direction.  This  will  be  clearly 
seen  by  referring  to  Fig.  38. 
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When  at  full  gear,  either  forward  or  backing,  the  valve  moves 
as  if  there  were  really  but  one  eccentric,  while  at  intermediate 
points  its  motion  is  the  result  of  the  combined  influence  of  both 
eccentrics,  one  tending  in  a  measure  to  counteract  the  other.  The 
effect  of  this  is  to  shorten  the  valve  travel  the  same  as  if  the  valve 
were  driven  by  a  new  eccentric  having  less  throw  than  either  of 
the  other  two. 


.-K 


Fig.  41. 

Decreasing  the  valve  travel  causes  cut-off  to  occur  earlier 
compression  is  earlier,  release  later,  and  the  lead  is  reduced  some- 
\«^hat.  If  every  point  of  the  link  moved  in  the  arc  of  a  circle 
when  the  drag  link  is  shifted,  the  lead  would  not  alter;  but,  since 
the  eccentric  rods  about  which  each  end  swings  are  centered  at 
different  points,  C  and  C,  this  is  impossible. 

Figs.  39  and  40  show  the  two  principal  ways  of  arranging 
the  eccentric  rods  of  a  Stephenson  gear.  The  first  is  said  to  have 
*'open  rods",  the  second  "crossed  rods";  referring  to  whether 
the  rods  are  crossed  or  open  when  both  the  eccentrics  face  the  link. 
It  can  easily  be  seen  that  when  the  eccentrics  shown  in  Fig.  39 
have  turned  through  180°  they  will  be  in  the  position  shown  in 
Fig.  41,  but  this  is  the  same  arrangement  as  before  and  is  "  open  " 
rods.     The  full  lines  show  the  positions  in  full  gear  forward,  while 
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the  don«^i  !:nc??  indicate  the  positions  in  mid  gear.  TTith  open 
rods  it  will  1^  >t^n  that  wht-n  at  fall  gear  the  link  block  is  at  G, 
and  that  if.  withoat  tamincr  the  crank,  the  link  is  shifted  to  mid 
gkrar,  then  thtr  link  block  moves  to  J,  Fig.  39,  and  the  ralve  roost 
condeqoentlT  le  movtd  toward  the  right  an  amount  equal  toGJ, 
thtrebT  increasing  the  It^  en  the  crank  end  of  the  cylinder. 
Tl'ith  crossed  rods,  moving  the  link  from  full  to  mid  gear  moves 
the  link  block  frvim  G  to  J,  Fig.  -^K  thus  reducing  the  lead.  It 
follows  then  that  o{«n  rods  give  increasing  lead  from  full  toward 
mid  gear,  and  that  erusstJ  rods  give  decreasing  lead.  With  crossed 
rods  there  will  be  no  It^d  when  in  mid  gear.  It  will  be  apparent 
that  the  shorter  the  rods  the  greater  this  increase  or  decrease 
will  be. 

PgygRsg  Ron 
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Fig.  42. 

Xearlv  all  marine  entjines,  and  some  Encrlish  locomotives, 
have  their  link  l»I(K*ks  oarritxl  din^ctlv  on  the  valve  roil.  Ameri- 
can  liKH)nu)tives  ei  ninuMilv  use  a  nx^ker,  one  end  of  which  carries 
the  link  bliK^k  while  the  other  moves  the  valve  rcxl.  Tliis  arranse- 
nient  iiulicatetl  in  Fii^.  42  makes  it  possible  to  place  the  valve  and 
steam  chest  alK)ve  the  cylinder.  The  position  of  the  crank  for  the 
same  valve  jK)sition  is  just  o])jx)site  that  shown  in  Fig.  39  because 
the  rocker  reverses  the  valve  motion;  this  gives  an  arrangement  of 
crank  and  eccentrics  that  is  identical  with  that  indicated  in  Fig. 
41  and  the  rods,  althoutrh  a]>j>arently  crossed,  are  in  reality  of  the 
open  rod  arranc;emcnt,  trivinp  increasing  lead  toward  mid  gear. 
A  rod  from  the  hell -crank  lever  on  the  reverse  shaft  E,  leads  back 
to  the  encjineer's  cab  and  connects  with  the  reverse  lever.  This 
ever  moves  over  a  notched  arc,  and  may  be  held  by  a  latch  in  any 


\M 


VALVE  GEARS  47 


one  of  the  notches,  thns  setting  the  link  in  any  position  from  mid 
gear  to  full  gear,  either  forward  or  back. 

The  Stephenson  link  is  designed  to  give  equal  lead  at  both 
ends  of  the  cylinder;  but  to  accomplish  this,  the  radius  of  the  link 
arc  (that  is  an  imaginary  line  in  the  center  of  the  slot)  must  be 
equal  to  the  distance  from  the  center  of  this  slot  to  the  center  of 
the  eccentric.  In  Fig.  38  the  radius  of  the  link  arc  is  equal  to 
CH  and  C'G. 

Exact  quality  of  lead  is  not  essential,  and  the  radius  of  the 
link  arc  is  sometimes  made  greater  or  less  than  stated  above  in 
order  to  aid  in  equalizing  the  cut-oflF;  but  the  change  should  never 
be  great  enough  to  affect  the  leads. 

Stephenson  originally  intended  to  use  the  link  simply  as  a 
reversing  gear,  but  soon  found,  however,  that  at  intermediate 
points  between  the  two  positions  of  full  gear,  it  would  serve  very 
well  as  a  means  of  varying  the  expansion  and  cut-off.  Very  soon 
the  link  came  to  be  used  not  only  on  locomotives  and  marine 
engines,  but  on  stationary  engines  as  well,  in  connection  with  the 
reverse  shaft  which  was  under  the  control  of  the  governor.  The 
mechanism  proved  to  be  too  heavy  to  be  easily  moved  by  a  gov- 
ernor and  it  has  gradually  fallen  into  disuse  on  stationary  engines 
excepting  as  a  means  of  reversing. 

In  marine  practice,  the  variable  expansion  feature  is  of  little 
v^alue,  for  marine  engines  run  under  a  steady  load  and  the  link  is 
aet  either  at  full  gear  or  at  some  fixed  cut-off.  For  locomotives, 
bowever,  the  variable  expansion  is  nearly  as  im|X)rtant  as  reversing. 
Locomotives  are  generally  started  at  full  gear,  admitting  steam  for 
nearly  the  entire  stroke,  and  then  exhausting  it  at  relatively  high 
pressure.  This  wasteful  use  of  steam  is  necessary  to  furnish  the 
power  needed  in  starting  a  train.  After  the  train  is  under  way, 
less  power  is  required  per  stroke,  and  the  link  is  gradually  moved 
toward  mid  gear,  or  "notched  up"  by  the  engineer,  thus  hasten- 
ing the  cut-off;  the  expansion  is  increased  and  the  power  is  reduced 
in  proportion  to  the  load. 

As  the  cut-off  is  changed,  it  is  desirable  to  maintain  an 
approximately  equal  cut-off  at  each  end  of  the  cylinder;  this  can 
be  secured  in  the  Stephenson  gear  by  propc^rly  locating  the  saddle 
pin  and  the  reverse  shaft.     When   used  without  a  rocker,  as  in 
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Fig.  38,  the  saddle  pin  should  be  on  the  arc  of  the  link  or  slightly 
ahead  of  it.  When  used  with  a  rocker,  the  saddle  pin  should  be 
behind  the  link  arcs,  and  to  give  symmetrical  action  for  forward 
and  backward  running,  it  should  be  opposite  the  middle  of  the  arc, 
that  is,  equally  distant  from  each  link  pin. 

The  Stephenson  link  cannot  be  designed  directly  from  the 
Zeuner  diagram,  but  a  systematic  investigation  can  be  made  by 
using  a  wooden  model  of  the  proposed  link.  This  can  be  mounted 
on  a  drawing  board,  and  the  effect  of  changing  the  position  of 
pins  and  the  proportions  of  rods  and  levers  can  be  determined 
without  diilieulty.  By  a  system  of  trials  a  combination  can  be 
found  best  suited  to  obtain  the  desired  results.  Moreover,  a 
model  makes  it  possible  to  measure  directly  the  slip  of  the  link 
block  along  the  link.  This  slip  should  be  kept  as  small  as  possi- 
ble to  prevent  rapid  wear.  It  can  be  controlled  to  some  extent  by 
properly  locating  the  link  pins,  by  avoiding  too  short  a  link,  and 
by  choosing  a  favorable  position  for  the  reverse  shaft. 

The  Qooch  Link.  Another  form  of  link  motion,  known  as 
the  Gooch  Link,  is  illustrated  in  Fig.  43.  It  has  been  extensively 
used  on  Euroj)ean  locomotives,  although  it  is  gradnally  being 
replaced  by  a  ty])e  of  valve  gear  known  as  the  Walschaert,  which 
will  l>e  described  later. 

The  Gooch  link  has  its  concave  side  turned  toward  the  valve 
instead  of  toward  the  eccentric.  The  radius  of  curvature  of  the 
link  is  equal  to  AB,  the  length  of  the  radius  rod.  The  link  is 
stationary  and  the  link  block  slides  in  the  link.  The  engine  is 
reversed  by  means  of  the  bell -crank  lever  on  the  reverse  shaft  E 
which  shifts  the  link  block  instead  of  the  link,  as  is  the  case  with 
the  Stephenson.  The  link  is  suspended  from  its  saddle  pin  M, 
which  is  connected  bv  a  rod  to  the  fixed  center  F,  so  that  the  link 
can  move  forward  and  back  as  the  eccentricity  is  changed,  or  it 
can  pivot  about  its  saddle  pin  as  the  eccentrics  revolve. 

Since  the  radius  of  the  link  arc  is  equal  to  AB,  it  is  apparent 
that  the  block  can  be  moved  from  one  end  of  the  link  to  the  other, 
that  is,  from  full  gear  '^  forward  "  to  full  gear  "  back  "  without 
moving  the  jjoint  A,  which  is  on  the  end  of  the  valve  rod.  The 
lead  then  is  constant  for  all  positions  of  the  blocjc,  and  the  distri- 
bution of   steam    for  loconjotives    is  slightly    preferable  to   that 
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obtained  by  the  Stephenson;  but  the  gear  is  more  complicated  nnd 
requires  nearly  double  the  distance  between  shaft  and  valve  stem. 

The  variable  lead  is  perhaps  a  slight  advantage  to  the  loco- 
motive, which  is  a  alow-apeed  engine  in  starting,  thus  requiring 
but  little  lead.  As  the  speed  increases,  and  the  link  is  "notched 
np",  the  lead  is  increased  as  the  cut-off  is  shortened,  and  at  high 
speed  we  havea  large  lead.  With  the  Gooch  link,  the  lead  can  be 
set  for  the  average  running  speed,  and  although  a  little  too  great 
for  good  work  at  slow  speed,  it  is  a  matter  of  small  consequence, 
because  the  engine  runs  at  slow  speed  but  a  very  small  fraction  of 
the  time  it  is  in  service,  and  the  loss  due  to  large  lead  at  slow 
speed  is  of  no  consequence  whatever  in  a  day's  run. 

Several  other  link  motions  have  been  used;  but  at  the  present 
time  probably  more  Stephenson  link  motions  are  used  thau  all 


Fig.  13. 

the  other  forms  of  reversing  gear  combined,  and  when  a  "link 
motion  "  is  mentioned,  the  Stephenson  is  usually  meant  unless 
otherwise  specified. 

RADIAL  VALVE  GEARS. 

In  general,  it  would  be  desirable  to  have  precisely  similar 
steam  dietribntion  at  each  end  of  the  cylinder,  and  it  would  often 
be  of  great  advantage  with  an  expansion  gear  like  the  Stephenson, 
if  the  cut-off  could  be  shortened  without  changing  any  other  event 
of  the  stroke.  A  Stephenson  gear  can  be  made  to  maintain  equality 
of  lead  for  both  ends  of  the  cylinder  as  the  cut-off  is  shortened, 
but  we  have  seen  that  in  so  doing,  the  lead  of  both  ends  is  either 
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increased  or  diminished  according  as  the  link  is  arranged  with 
"  oj)cn  rods"  or  "crosserf  roda".  Moreover,  the  compn?ssion  is 
bastened  by  bringing  the  link  to  mid-gear,  all  of  which  in  nianj 
instauces  13  ondesirable. 

This  disadvantage  of  the  Stephenson  link  motion  lead  to  the 
design  of  the  so-calted  •'Radial  Valve  Gears",  many  of  which  ate 
8»  complicated  as  to  be  impracticable,  but  all  of  which  obtain  s 
fairly  uniform  distribntion  of  steam. 


FiK- «. 
Hackworth  Gear.  The  essential  features  of  the  Haekvoitk 
Gear  are  indicated  in  outline  in  Fig.  44.  Id  this  fignre,  S  is  the 
center  of  the  shaft,  and  the  eccentric  E  is  set  180°  from  the  crank 
SII.  At  the  right-hand  end  of  the  eccentric  rod  EA,  is  piyoted  a 
block  which  slides  in  a  etmight,  slotted  guide.  The  guide  remainB 
stationary  while  the  engine  is  running,  but  can  be  turned  on  its 
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axis  P,  to  reverse  the  engine  or  change  the  cut-off.  P  is  a  pivot, 
located  on  the  horizontal  tlirough  S  in  such  a  poeition  that 
DP  =  EA.  If  these  two  distances  are  equal,  A  will  coincido 
with  P  when  the  crank  is  at  either  dead  point  and  the  slotted 
guide  may  be  turned  from  "  full  gear  forward",  as  shown  in  the 
figure,  through  the  horizontal  position  to  "full  gear  backing",  as 


Fig.  45. 


shown  by  the  line  BL,  without  moving  the  valve.  Therefore  the 
leads  are  constant  for  all  positions  of  the  guide.  The  valve  rod 
running  upward  from  C,  connects  with  the  valve  stem  which  it 
moves  in  a  straight  line.  The'  valve  stem  is  made  just  long 
enough  to  equalize  both  leads,  and  if  the  point  0  has  been  properly 
chosen,  the  two  cut-offs  will  be  very  nearly  equal  for  all  grades  of 
the  gear. 
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A  somewhat  hetter  valre  action  is  obtained  by  slightly  curv- 
ing  the  slotted  guide,  with  its  convex  side  downward.  This  gear 
is  sometimes  used  on  marine  engines  and  on  small  stationary 
engines. 

Marshall  Gear.  The  most  objectionable  feature  of  the  Hack- 
worth  gear,  is  the  slotted  guide,  for  the  sliding  of  the  block  causes 
considerable  friction  and  wear.  The  Marshall  gear,  shown  in 
outline  in  Fig.  4*5.  is  designed  to  obviate  this  feature.  The  point 
A  moves  in  the  desired  path  by  swinging  on  the  rod  FA  about  F 
as  a  center.  While  the  engine  is  running,  the  lever  FP  remains 
stationary,  but  can  W  turned  on  its  axis  P  to  reverse  the  engine, 
f»r  change  the  cut-off.  The  pivot  P.  is  located  precisely  as  in  the 
Hackworth  gear,  and  the  lever  FP  can  be  turned  from  *'  full  gear 
forward"*,  as  shown  in  the  figure,  to  "  full  gear  backing*',  as  shown 
by  the  line  BP,  intermediate  positions  give  different  cut-offs  as 
with  the  Hackwonh  gear.  Since  FA  is  made  equal  to  FP,  the 
point  A  will  always  swing  through  P,  no  matter  where  F  may 
be,  and  will  coincide  with  P,  when  the  engine  is  on  dead  center. 
The  leads  therefore  will  remain  constant,  as  in  the  preceding  case. 

The  Marshall  gear  is  sometimes  made  with  C  at  the  right  of 
A  on  a  prolongation  of  the  line  EA.  In  this  case  if  the  same 
kind  of  valve  is  to  l>e  iiseiK  the  eeeentric  E  must  move  with  the 
crank  instead  of  I'^n  from  it.  The  Marshall  gear  is  frequently 
used  on  marine  engines,  the  one  eccentric  being  simpler  than  the 
two  requireil  by  the  Stephenson. 

Joy  Gear.  Perhaps  the  most  widely  known,  and  certainly 
one  of  the  l)est  radial  wars  is  the  Joy.  outlined  in  Ficr.  4*>.  It 
is  frequently  used  on  marine  engines  and  on  some  English  loco- 
motives. No  eccentrics  are  used,  the  valve  motion  l)eincr  taken 
from  C.  a  point  on  the  connecting  rod.  11  is  a  fixed  pivot  sup- 
porttnl  on  the  cylinder  casting.  The  lever  ED  has  a  block  pivoted 
at  A,  which  slides  back  and  forth  in  a  curved  slotted  guide.  The 
cTuide  and  the  lever  PF  are  fastened  to  the  reverse  shaft  P,  and 
by  means  of  a  reverse  rwl  leading  off  from  F,  can  be  turned  from 
full  gear  forward,  as  shown,  to  full  gear  backing  when  the  pin  F 
moves  over  to  B.  Motion  is  transmitted  to  the  valve  stem  by 
means  of  the  radius  rod  F.G,  The  proportions  are  such  that  when 
the  crank  is  on  either  dead  point,  the  pivot  of  block  A  coincides 
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with  P,  so  that  the  curved  guide  may  then  be  set  in  any  position 
without  moving  the  valve;  therefore  the  leads  are  constant.  This 
gear  gives  a  rapid  motion  to  the  valve  when  opening  and  closing 
and  a  more  nearly  constant  compression  than  the  Stephenson  gear, 
and  the  cut-oflE  can  be  made  very  nearly  equal  for  all  grades  of 
the  gear.  Its  many  joints  cause  wear  and  its  position  near  the 
crosshead,  makes  a  careful  inspection  of  the  crosshead  and  piston 
exceedingly  difficult  while  the  engine  is  running. 


Fig.  46. 

Walschaert  Qear.  This  radial  valve  gear,  although  seldom 
seen  in  the  United  States,  is  the  valve  mechanism  most  commonly 
used  on  locomotives  built  on  the  continent  of  Europe.  Like  all 
other  radial  gears,  it  gives  constant  lead,  and  a  distribution  of 
steam  very  nearly  alike  for  each  end  of  the  cylinder.  In  this 
respect  it  is  superior  to  the  Stephenson  link,  and  gives  without 
doubt  better  economy,  but  its  mechanical  construction  is  compli- 
cated, and  not  well  adapted  to  the  American  type  of  locomotive. 
Fig.  47  illustrates  this  type  of  gear.  S  is  the  center  of  the  driver 
axle.  The  crank  pin  K  has  forged  on  its  center  end  an  arm  KE, 
on  which  the  pin  E  is  fixed.  This  arm  lies  parallel  to  the  plane 
of  the  driving  wheels,  and  being  fixed  to  the  crank»pin,  turns  with 
the  wheel,  allowing  the  connecting  rod  to  pass  between  it  and  the 
driving  wheels.  In  this  manner  the  point  E  moves  around  S  in  a 
circle,  and  moves  the  rod  EH  back  and  forth  just  as  if  it  were  an 
eccentric.  It  is  so  made  that  P2S  is  perj)endicular  to  the  crank 
KS,  and  therefore  the  action  of  the  pin  E  is  equivalent  to  an  eccen- 
tric with  no  angular  advance. 
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This  arm  reaching  back  from  the  outer  end  of  the  crank  pin 
is  one  of  the  most  objectionable  features  on  the  construction,  and 
is  sometimes  replaced  by  the  regular  type  of  eccentric  put  on  the 
shaft  between  the  driving  wheels. 

The  eccentric  rod  EH  causes  the  box  link  HP  to  oscillate  on 
fixed  trunions  P.  This  link  has  a  groove  curved  to  a  radius  equal 
to  GD,  the  length  of  the  radius  rod.  A  block  pivoted  at  G,  on 
one  end  of  the  radius  rod,  is  free  to  move  up  or  down  in  this 
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Fig.  47. 

groove.  The  valve  derives  its  motion  from  C,  a  pivot  on  the  float- 
ing lever  CA.  Point  A  receives  motion  from  the  crosshead;  point 
D  from  the  eccentric  and  the  curved  link  ;  and  a  combination  of 
the6e  two  imparts  motion  to  C  (which  can  slide  only  along  the 
dotted  line).  A  bell-crank  lever  pivoted  above  the  link  shifts 
the  mechanism  from  ''  full  gear  forward  "  when  F  is  moved  to  B, 
thus  raising  G  above  the  link  pivot  or  saddle  pin. 

ADJUSTABLE  ECCENTRICS. 

The  position  of  an  eccentric  for  a  plain  slide  valve  is  90°  plus 
the  angular  advance  ahead  of  the  crank,  in  the  direction  in  which 
the  engine  is  to  turn.  Thus  A,  Fig.  48,  is  correctly  placed,  rela- 
tive to  the  crank  ( ■,  if  the  engine  turns  right-handed.  For  run- 
ning in  the  opposite  direction,  the  position  of  the  eccentric  is  at 
D.  Some  engines  are  provided  with  a  reversing  mechanism  which 
causes  the  eccentric  to  shift  from  A  to  D,   either  along  the  arc 


1Q% 


VALVE  GEARS 


55 


ABDy  or  along  the  straight  line  AED.  Such  engines  provide, 
liot  only  for  reversing,  but  for  changing  the  cut-oflP  as  well  If 
the  eccentric  moves  on  the  arc  to  OB,  the  angular  advance  is 


Fig.  48. 

increased  and  all  the  events  of  the  stroke  are  hastened  as  well  as 
^he  cut-oflf,  but  the  travel  of  the  valve  is  not  changed. 

Zeuner's  diagram,  Fig.  49,  is  lettered  to  correspond  with  Fig. 

*^^  and  shows  the  effect  of  changing  the  angular  advance  from 

I'^OA  to  FOB.      If  OK  rep- 

^sents  the    lap,    the    crank 

^'^gle  at  cut-oflE  will  decrease 

f^om  IIOK  to  HOL,  and  the 

iead  will  increase  very  much, 

%fromGFtoHF.     If  the 

^<^ntric    is   shifted   on   the 

^^^ight  line  to  E  (Fig.  48), 

^^flTerent  valve  motion  will 

mn  1 1-     rpj^Q  angular  advance 

8  ^ri  Creased  as  before,  so  that 
tte  events   are  hastened, 

^^^    the  eccentricity  is    now 
^'^'y    OE  instead  of   OB  and 

"^       valve    travel    is    conse- 
^^^ntly  reduced.     Zeuner's  diagram  for  this  case,  Fig.  50,  shows  a 
^^reaae  in  crank  angle  at  cut-off  from  lOM  to  ION,   and  no 
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change  id  the  lead  IF.  Let 
UB  consider  the  eccentric  posi- 
tion OA,  Fig.  48.  In  this 
position  01  represents  the 
displacement  of  the  valre 
from  mid-poBitioQ  when  the 
■  engine  is  on  center.  If  the 
eccentric  moves  to  OB,  the 
displacement  will  be  OM, 
which  is  greater,  showing  an 
increase  in  lead  eqnal  to  IM, 
bnt  if  the  position  is  OE  in- 

„  stead  of  OB,  the  displace- 

Fig.  50.  ,      ■         .  J         .  .  .„ 

nient  from  mid-position  will 

be  Ol  ns  before.     It  is  evident  that  the  et-eentric  can  move  on  the 

straight  line  from   A  to  I),  without  changing  the  lead,  while  the 

decreased  valve  travel  will   result  in  an  earlier  cnt-off.      If  the 


shift 
the 


-eiiCric  is  to  be  used  for  an  automatic   cut-off,  ae  in 
ty|>e3  of  liy-wlieel  governor,  the  curved  patli  is  not 


VALVE  GEARS 


desirable  on  acconnt  of  exceBsive  lead  at  Bhort  cat-ofF,  but  if  it  is 
to  Im  used  ooly  as  a  meane  of  reversiag,  it  is  preferable  to  the 
straight  line. 

All  fly-wheel  goveraorB  operate  by  shifting  the  eccentric, 
either  to  change  the  angular  advance,  the  travel  of  the  valve,  or 
both.  Fig,  51  illastrates  the  principle  of  a  governor  arranged  to 
^ve  decreasing  lead,  but  as  these  mechanisnis  are  described  in 
the  Steam  Engine — Part  I,  under  the  head  of  governors,  a  further 
discassion  will  not  be  given  here. 

The  device  shown   in   Fig.   52  is  often   used   for  reversing 
engines  of  small  launches.     The  eccentric  £  is  loose  on  the  shaft 
between  a  fixed  collar  G,  and  a  hand  wheel  II.     A  stud  project- 
ing from  the  eccentric  passes  through  a  curved  slot  in  the  disc  of 
^e  wheel,  and  can  be  clamped  by  a  hand  nut  F.     When  running 
forwarf  with  the  crank  at  C, 
^e  water  of  the  eccentric  is  at 
A,  and  the  nut  clamped  at  F. 
■^o  reverse,  steam  is  shut  off, 
and  when  the  engine  stops,  the 
"nt    F  ia  loosened,   and    then 
'Qovtd  to  B  and  clamped;  or 
aftof  F  is  loosened,  the  wheel, 
^uaf  t^  crank  and  propeller  are 
'^^>ied  over  by  hand   until  B 
^''"ikes  the  stud  at  F,  where  it  is 
'^'^rrjjied.    Theengine  will  then 
"■*  **    astern. 

To  study  the  application  of 
'^t*  Zeuner  diagram  to  this 
'^'~»ii  of  mechaiiisni  turn  again 
^«  :Fig.  51.  If  OA  is  the  de- 
^T*^*!  eccentricity  for  a  normal 
\^sition  of  the  governor,  the 
Vvrpeudicular  distance  of  A 

^roni  OF  la  made  equal  to  the  lap  OI.  plus  tin- desiivtl  I.juI.  Pivot 
^  i&  then  located  etpially  distant  from  A  uiul  1.  Zeuiier's  dia- 
gram for  this  gear,  drawn  to  an  enlarged  scale,  is  sliown  in  Fig.  53, 
the  aagalar  advance  F'OB  is  laid  back  toward  OC,     OB  ia  the 
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maximum  eccentricity;  OI,  the  lap  or  the  desired  least  eccen- 
tricity. An  arc,  with  proper  radius,  described  through  B  and  I 
shows  the  path  of  the  eccentric.  If  the  eccentric  moves  in  to  A, 
the  crank  angle  at  cut-off  is  decreased  from  COD  to  COE,  and 
the  lead  decreased  from  FI  to  GI.     A  slight  decrease  in  lead  is 


not  objectionable,  since  the  sj)eed  is  nut  allowed  to  increase  more 
than  two  or  three  ])er  cent;  and  further, as  the  lead  increases, com- 
pression decreases,  so  that  one  influence  helps  to  counteract  the  other. 
The  decrease  in  niaxiniuni  j)ort  0{)ening  from  BlI  to  AK  is  un- 
avoidable, but  it  is  jjerniissible,  since  it  occurs  only  when  the  load 
decreases,  and  when  less  steam  should  be  admitted  to  the  cylinder. 

DOUBLE   VALVE  GEARS. 

It  has  been  shown  in  the  preceding  discussion,  that  a  plain 
slide  valve  under  the  control  of  a  gear  that  gives  a  variable 
cut-off,  such  as  a  shifting  eccentric  or  a  link  motion,  will  not 
<rive  a  satisfactory  distribution  of  steam  at  short  cut-off  owincj 
to  execessive  comj)ression,  variable  lead,  or  early  release.  These 
ditliculties  are  overcome  in  a  measure  bv  the  use  of  the  radial 
gear  ;  and  also  by  the  use  of  two  valves  instead  of  one.     The  main 
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valve  controls  admission,  re- 
lease, and  compression ;  the 
other, called  the  cut-off  valve, 
regulates  the  cut-ofF  only, 
which  may  be  changed  with- 
out in  any  way  affecting  the 
other  events  of  the  stroke. 
This  cut-off  valve  may  be 
placed  in  a  separate  valve 
chest,  or  it  may  be  placi^  on 
the  back  of  tbe  main  valve. 

Meyer  Valve.  The  most 
common  form  of  double  valve 
gear  is  tbe  Meyer  Valve,  Fig. 
54.  The  cut-off  valve  is  made 
in  two  [)arts  and  works  on  the 
back  of  tbe  main  valve.  The 
two  jwrts  are  connected  to  a 
valve  spindle  with  a  right- 
and  left-baud  thread,, so  that 
tbeir  positions  may  be  altered 
by  rotating  tbe  valve  spindle. 

A  swivel  joint  is  usually 
fitted  in  tbe  VHJve-Bpindle  lie- 
twteen  tbe  steam  cliest  and  tbe 
head  of  the  valve  rod,  and  tbe 
valve  spindle  prolonged  into 
a  tail  rod  which  projects 
through  a  stuffing  box  on  tbe 
bead  of  tbe  steam  chest.  See 
Fig.  55.  Tbe  end  of  tbia  tail 
rod  is  square  in  section  and 
reciprocates  tbrongb  a  small 
band  whuel  by  means  of  which 
it  can  lie  rututed  while  tbe  en- 
gine is  running,  whatever  tbe 
position  of  the  valve  may  be. 
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irr  tbe  wtTTfit  *f  a  sejonte  ercentric.  The 
:i^t:L  tiIt-  U  b~c*I!t  £x*«J.  whilf  the  cnt-off 
•r  "i-iT-r  0;*  coLm.'!  of  a  EOt"enior.  Since 
:  4r-i-Ir^i.  il-c  n:»:a  TajTr  is  f<rl  to  give  Ute 
r  liw  rcIiAKr  xz-'i  '«:«r  coic piv^sioo.  uid  sllov 
■  f.-r  'Lr  c-;--.'*  vi^vc.  Witli  this  gt^r.lead, 
: ::  xy^  rsiirvlj  iiidcf ■radcnt  of  tLe  ratio  of 
;:-/5  Is  li.^.-L  sliarj«T.  Ixitaose  the  cat-off 
L-r  !•  r:-,  '.•  4^TaT=  iiioviuc  in  a  direction 


"W 


mhv   to  tliat   uf    til 


-.     The  valve  luav  be  designed 
Lt-i   us  detii.'ii  a  Mever  Valre 


bv  iiiean^  uf  Ziiiiii-r's  tliaijniiiif 

haviiiir  ail  feceiitricitv  of  '-  iin.hi-s.  Let  the  ecoentrioity  of  the 
cut-off  valve  be  ij  incliei  ami  the  relative  travel  of  the  cutoff 
valve  ill  relation  to  the  main  valve  be  3  inches.  This  will  mate 
the  relative  motion  of  the  cutotf  valve  eijutvalent  to  the  travel  of 
a  i.hiiti  .-liile  valve  with  an  (-eeentrieitv  of  11  inches.  I^t  the  out- 
sic|.'  Jiiii  on  llie  iiiaiiJ  v;ilve  he  Ij  inch,  the  lead  j^  ineh,  the  com- 
iji-etii^ioii  H-'i  \*-r  eetil  of  the  ;-irokf.  and  let  the  ratio  of  the  lengtb 
of  tlie  crank  to  coiuiectiiig  roil  l>e  six. 
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In  Fig.  50  draw  XOY  equal  to  4  inches,  the  main  valve 
travel.  Lay  off  YD  =  95  per  cent  of  4  ^^  3.8  inches,  and  with 
a  radias  of  12  inches,  and  the  center  on  YX  produced  draw  the  arc 
DH.K.  H.K.O  is  the  crank  position  at  compression.  C.K.O,  the 
crank  position  at  cut-off,  is  found  in  a  similar  manner.  Lay  off  01 
equal  to  the  lap  plus  the  lead,  and  draw  the  valve  circle  for  the 
main  valve  through  I  and  O  with  a  diameter  equal  to  its  eccen- 
tricity of  2  inches.  To  do  this  take  a  radius  equal  to  1  inch,  and 
draw  arcs  from  I  and  O  as  centers  that  shall  intersect  at  B.      B  is 


Fig.  56. 

tne  center  of  the  valve  circle  and  OBE  is  the  eccentricity,  2  inches. 
With  E  as  a  center,  and  with  a  radius  ecjual  to  half  the  relative 
travel  of  the  cut-off  valve  (in  this  case  lA  inches),  draw  an  arc. 
With  O  as  a  center  and  with  a  radius  equal  to  2J  inches,  the 
eccentricity  of  the  cut-off  valve,  draw  another  arc  intersecting  the 
first  one  at  F.  On  OF  as  a  diameter  construct  a  valve  circle. 
This  valve  will  represent  the  absolute  motion  of  the  cut-off  valve, 
independent  of  the  motion  of  the  main  valve.  This  circle  then 
will  show  the  displacements  of  the  cut-off  valve  from  the  center  of 
the  steam  chest.  With  E  as  a  center  and  with  a  radius  equal  to 
FO  draw  an  arc,  and  with  O  as  a  center  and  with  a  radius  equal 
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to  EF  draw  another  arc  intersecting  the  first  at  G.  On  OG  as  a 
diameter  construet  a  valve  circle.  Tliis  circle  will  then  represent 
a  travel  of  the  cut-off  valve  moving  on  the  main  valve.  That  is, 
it  will  re{)resent  the  displacements  of  the  cut-off  valve  from  the 
center  of  the  main  valve.     This  circle  is  not,  properly  speaking, 


MIN.CU 

OFF  15 


Pig.  57. 

a  valve  circle  and  OG  is  not  an  eccentricity,  but  simply  represen 
the  relative  motion  of  the  two  valves.  This  can  be  proved  by^ 
analytical  geometry,  Imt  an  inspection  of  the  figure  shows  tha't^ 
this  must  be  true. 

Draw  the  crank  line  OC  at  any  position,   cutting  the  valv<? 
circles  at  a  and  h  and  o,      Oa  represents  the  absolute  displace- 
ment of  the  cut-off  valve,  that  is,  from  the  center  of  the  steam 
chest  and  O*^*  represents  the  displacement  of  the  main  valve.     The 
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relative  displacement  of  the  cut-off  valve,  that  is,  from  the  center 
of  the  main  valve,  will  be  the  difference  l>et ween  Or  and  O^^,  since 
both  valves  are  moving  in  the  same  direction.  By  careful  meas- 
urement it  will  l>e  found  that  ()/>  =  Oc  -  ()^^  and  any  arc  as  ()i 
on  the  auxiliary  circle  OiG  will  correctly  represent  the  displace- 
ment of  the  cut-off  valve  from  the  center  of  the  main  valve  at  the 
corresponding  crank  angle. 

Fig.  57  shows  the  crank  angle  at  head-end  compression  U.K., 
and  at  crank-end  compression  C.K.,  the  main  valve  circle,  and  the 
auxiliary  circle  which  are  transferred  from  Fig.  56.  Tlie  con- 
struction lines  and  all  lines  not  essential  to  the  figure  are  omitted 
to  avoid  confusion. 

I^y  off  on  Fig.  57,  OI  equal  to  the  outside  lap  |  inch  and 

draw  the  head-end  lap  circle  H.E.O.     It  will  intersect  the  valve 

circle  for  the  main  valve  at  L  and  M.     Through  L  draw  the  crank 

position  at  admission  (head-end)  II. A.  and  tlie  crank  position  at 

cut-off  through  M.     This  gives  the  greatest  possible  cut-oflf.    The 

cut-off  valve  may  be  set  to  give  a  much  earlier  cut-off  than  this, 

but  of  course  a  later  setting  would   be  of  no  avail   for  the  port 

would  be  closed  by  the  main  valve  at  this  angle.     The  crank  line 

OMH  cuts  the  auxiliary  circle  at  Js,  so  that  ON  (lj|  inches)  is 

the  clearance  of  the  cut-oflE  valve.     That  is,  the  edge  of  the  cut-off 

valve  must  be  set  lj|  inches  from  the  edge  of  the  main  valve  j)ort 

in  order  to  cut-off  at  this  crank  angle.     The  full  lines  of  Fig.  54 

show  the  cut-oflf  valve  placed  in  this  position. 

The  intersection  of  H.K.O  with  the  lower  valve  circle,  gives 
the  inside  lap  at  the  head  end  of  the  cylinder.  This  line  comes  so 
nearly  tangent  to  the  valve  circle  that  the  intersection  can  be 
determined  only  by  dropping  a  j)erpendicular  to  II.K.O.  from  E'. 
This  cuts  the  circle  at  P  and  OP  =:  -^^  inch  equals  the  head-end 
inside  lap,  and  H.E.I,  represents  the  corresponding  lap  circle. 

The  crank-end  angle  at  compression  is  O.K.  which  cuts  the 
upper  valve  circle  at  N',  giving  an  inside  lap  for  the  crank  end  of 
0N'=  JJ  inch.  To  make  this  intersection  more  ap{>arent  the 
perpendicular  can  be  drawn  from  E  as  previously  explained. 

Suppose  that  it  was  required  that  the  minimum  cut-off  should 
be  15  per  cent.  Find  the  crank  position  at  15  per  cent  of  the  stroke 
in  the  same  manner  as  the  crank  position  was  found  at  compression. 
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rroduce  this  line  through  ()  until  it  cuts  the  auxiliary  circle  at 
Tlion  ()S=  J  J  inch  =  the  required  lap  for  the  cut-oflF  valve 
order  to  cut-oflf  at  15  ])er  cent  of  the  stroke.  The  dotted  lines 
Fig.  54  show  the  cut-off  valve  drawn  in  this  position. 

For  a  valve  of  this  sort,  the  cylinder  port  should  be  li  inc 
wide  and  the  valve  port  1  inch  wide.     Fig.  54  shows  this  valve  lai 
out  to  scale,  but  as  this  process  is  in  all  respects  similar  to  th 
described  for  laying  out  a  plain  slide  valve,  it  will  not  be  describee^ 
in  detail. 

DROP  CUT-OFF  GEARS. 

The  ordinary  slide  valve  controls  eight  different  events  of  th^^ 
stroke,  that  is,  admission,  cut-off,  release,  and  compression  for  botl^ 
ends  of  the  cylinder.     A  change  in  the  setting  of  a  plain  slido 
valve  that  affects  any  one  event  on  the  crank  end,  let  us  say,  will 
also  change  to  a  greater  or  less  degree  every  other  event  of  the 
stroke,  on  the  head  end  as  well  as  on  the  crank  end;  so  that  in 
setting   a   slide   valve   the   desired   position  for  one  event  must 
usually  be  sacrificed  in  order  to  make  the  others  less  objectionable. 

In  order  to  ])rovide  a  better  distribution  of  steam  than  is  pos- 
sil)le  with  a  single  valve,  some  engines  have  four  valves,  two  at 
each  end  of  the  cylinder.  In  horizontal  engines,  two  are  placed 
above  the  center  line  of  cylinder  and  two  below.  The  upper  are 
for  admission  and  cnt-olf,  the  lower  for  release  and  compres- 
sion. Since  each  valve  controls  but  two  events,  a  very  satisfactory 
adjustment  can  be  miule  and  the  extra  complication  and  cost  for 
large  engines  are  more  than  overbalance<l  by  the  advantages 
gained,  viz.:  A  very  much  better  distribution  of  steam,  short 
steam  jjassages  and  small  clearances,  separate  j)ort9  for  the  admis- 
sion of  hot  steam  and  the  exhaust  of  the  same  steam  after  expiin- 
sion  when  its  temperature  has  fallen,  and  finally  the  possibility  of 
opening  and  closing  the  ])orts  very  rapidly,  thus  preventincr  wire- 
drawing. The  small  clearances,  short  ])orts  and  sejwrate  admis- 
sion  and  exhaust  materially  reduce  the  cylinder  condensation,  and 
thus  effect  a  large  saving  in  the  steam  consumption. 

When  four  valves  are  used  for  high  sj)eed8,  the  motions  of 
all  must  be  positive,  that  is,  they  must  be  connected  directly  to 
some  mechanism  that  either  jmshes  or  ])ulls  them  through  their 
entire  motion,  r)ut  for  speeds  up  to  100  revolutions  or  so  a  disen- 
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gaging  mechanisin  may  be  used,  and  the  valves  may  shut  of  them- 
selves, either  by  virtue  of  their  weight  or  by  means  of  8j)riiit^s  or 
dashpots.  The  valve  is  usually  opened  by  means  of  links  or  hkIs, 
moved  by  an  eccentric,  and  at  the  proper  })oint  of  cut-off  the 
rod  is  disengaged  from  the  vjilve  which  drops  shut,  hence  the  term 
**  drop  cnt-oif  "  gears. 

R^nolds-Corliss  Qear.  The  most  widely  known  drop  cut. 
off  gear  is  the  lieynoIds-Corliss,  shown  in  Fitrs.  5s  and  ol);  it  is 
often  referred  to  as  the  lin^vohja  hnnk.rclt'itsimf  ^i^xw.  An  eceen- 
tric  on  the  main  shaft  gives  an  oscillating  motion  to  a  circular  disc 


'OAIH  POTS' 

Fig.  58. 

called  the  wrist  plate,  pivoted  at  the  center  of  tlie  cylinder.  It 
transmits  motion  to  each  of  the  four  valves  throu<rh  a<Iiiib^table 
links  known  as  steam  rodn  or  ewhrmst  rmh^  accord iiiij  to  whether 
they  move  the  admission  or  exhaust  valves. 

The  valves  which  are  shown  in  section  in  Ficr.  ^>0  oscillate  on 
cylindrical  seats,  and  the  ])08ition  of  the  rotls  is  so  determined  that 
they  give  a  rapid  motion  to  the  valve  when  openinir  or  closing,  and 
hold  it  nearly  stationary  when  either  o])ened  or  closed. 

The  Reynolds  hook  is  shown  in  detail  in  Fig.  59.  The  sUttm. 
arm  is  keyed  to  the  valve  spindle  which  j)asses  loosely  through  a 
bracket  on  which  the  hefl-emnk  lever  turns,  and  the  spindle  is 
packed  to  make  a  steam-tight  joint  where  it  enters  the  cylinder. 
Motion  of  the  steavi  rod  toward  the  ricrht  will  turn  the  JjeH-mnd' 
lever  and  raise  the  hooJc  HimL  The  hooh  (from  wliich  the  ^ear 
derives  its  name)  pivoted  on  this  stud,  has  at  one  end  a  hard- 
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k1  st^el  die  with  sharp,  square  edges,  and  at  the  other  end, 
mall  steel  block  with  a  rounded  face.  As  the  hook  rises,  the 
^kdie  engages  the  stud  die  which  is  fastened  to  the  steam  arin^ 
I  one  end  of  the  steara  arm  is  thus  raised.  This  turns  the 
ve  in  its  seat  and  admits  steam.  As  the  hook  continues  to 
5,  its  stud  moves  in  an  arc  above  the  valve  spindle,  and  the 
nd- faced  block  at  its  left-hand  end  strikes  the  knock -off  cam 
ich  causes  the  hiKtk  to  turn  aliout  its  stud  and  disengage  the 
^k  die  from  the  stud  die.  In  raising  the  steam  arm^  the  dash- 
rod  also  is  raised  and  a  partial  vacuum  is  created  in  the  dash- 
.  As  soon,  therefore,  as  the  dies  becx)me  disengaged,  the 
^hpot  rod  quickly  drops  under  the  force  of  this  vacuum,  thus 
ning  the  steam  arm  and  closing  the  valve.  The  striking  of  the 
;-hand  end  of  the  hook  against  the  knock-oflF  cam  determines 
point  of  cut-off,  by  releasing  the  valve  at  that  instant. 
Tliis  cam  is  a  part  of  the  knock-(ff  lever  to  which  the  (jovernor 
I  rod  is  fastened.  Any  action  of  the  governor  which  would 
se  the  cam  rod  to  move  toward  the  right  would  cause  this 
>ck-off  lever  to  turn  on  its  axis,  the  steam  arm,  and  conse- 
ntly  lower  the  position  of  the  knock-off  cam.  This  would 
se  an  earlier  contact  between  the  cam  and  end  of  hook,  and 
sequently  an  earlier  cut-off.  T3y  lengthening  or  shortening 
governor  cam  rod^  the  point  of  cut-off  can  l)e  adjusted  to  suit 
engine  load  without  changing  the  speed. 

There  is  a  limit  to  this  adjustment,  for  it  can  be  shown  that 

orliss  gear  operated  by  a  single  eccentric  cannot  be  arranged  to 

off  later  than  half  stroke.     Supj)Ose  the  eccentric  k  set  Just  90^ 

id  of  the  crank.     Then  it  will  reach  its  extreme  position  just 

he  piston  gets  to  half  stroke.     If  by  that  time  the  hook  which 

rising  and  opening  the  admission   valve,  has  not  yet  struck 

k  nock -off  cam  ^  it  cannot  strike  it  at  all,  for  any  further  motion 

cause  the  hook  to  descend  to  its  original  position,  that  is  its 

tion  at  the  beginning  of  the  stroke;  the  hook  will  not  disen- 

e   from   the    steam  arm  stud^  at  all  and   the  bell   crank    will 

irn,  closing  the  valve  in   the  same  manner  in  which  it  opened 

Cut-off  will  then  take  place  near  the  end  of  the  stroke,  but  it 

not  Ije  the  sharp  cut-off  produc4:^d  by  the  sudden  droj)  when 

dies  are  disengaged. 
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If  the  eccentric  were  set  less  than  90°  ahead  of  the  crank,  tbe 
cut-off  could  be  arranged  to  occur  later  than  half  Btroke.  but  this 
is  decidedly  impracticable,  for  with  such  a  position  of  the  eccen- 
tric the  action  of  the  valves  at  release  and  compression  is  spoilol. 
When  it  is  necessary  to  ciit-ofT  later  than  half-stroke,  as  BOitif- 
tiiiies  happens  on  low-pressure  cylinders  of  componnd  engiDes,  it 
uiaj  t«  arran<;e<l  for  b>  means  of  two  eccentrics,  one  set  more 
than  90'  ahead  of  the  crank  to  o|»erate  the  exhaust  valves,  and  one 
less  than  *I0   ali<  ad  to  opt  rite  the  admission  valves. 

The  safely  cam  sliown  in  Fig. 
o9  is  an  important  part  of  a  Cor- 
liss gear.  If  for  any  reason  tbe 
engine  governor  should  fail  to 
act,  due,  for  instance,  to  the 
breaking  of  its  driving  belt,  tbe 
governor  would  drop  to  its  low- 
est ])oBitioii,  supply  more  steam 
to  the  engine  and  allow  it  to 
run  away.  The  safrty  catn  pre- 
vt-nta  this  by  moving  so  far  to 
ilie  right  that  it  strikes  the  hook 
M-lieii  it  descends  to  pick  up  the 
ateani  arm.  The  hook  is  conse- 
quently turned  toward  the  right 
and  then  lifted  without  engaging 
tlie  stud  die;  the  valve  conse 
qnently  remains  closed  and  the  engine  stojis. 

Brown  Releasing  Gear.  In  addition  to  the  Rei/iu>lih  honk. 
several  other  devices  are  in  use  for  opening  and  releasing  Corliss 
admission  valves.  Among  them  the  Urown  releasing  gear  shown 
in  Fig.  C)l  may  be  noted,     Tlie  steam  rod  and  dashpot  rod  are 
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armiigeil  much  the  suirie  i 
cam  rod  operates  a  ]»late  e 
lakes  the  ]»!aco  of  both  tin 

lower  end  a  steel  di 
lumiunt.     The    part   of  tliii 
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in  the  Iteynolds  gear.  The  governor 
liaviiig  a  curved  slot  so  shaped  that  it 
lock-off  and  the  safety  cam  of  Fig.  39. 
tlie  valve  spindle  and  carries  at  its 
is  free  to  slip  up  and  down  a  small 
peiir  eori-es])onding  to  the  Reynolds 
straight    rocker    pivoted   at   its   middle; 
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aod  the  part  vorrespo tiding  to  the  Reynolds  hook  has  at  one  end 
a  die  which  engages  the  die  of  tlie  steam  arm,  and  at  its  other 
end  a  roller  running  in  the  curved  cam  slot.  This  hook  is  really 
a  bell-crank  lever  with  arma  that  are  not  in  the  same  plane.  The 
bearing  on  which  it  turns  is  carried  on  the  lowt-r  end  of  the 
rocker,  and  therefore  is  equivalent  to  a  niovablo  pivot  similar  to 
the  hook  atud  of  the  Reynolds  gear. 


Pig.  61. 

In  the  position  shown  the  dies  are  engaged,  Motion  of  the 
steam  rod  toward  the  right  will  move  the  lower  end  of  tlie  ro<;ker 
toward  the  left,  and  consequently  turn  the  valve  spindle  in  a,  right- 
handed  direction.  This  will  open  the  valve  and  at  the  same  time 
raise  the  dashput  rod.  Meanwhile,  the  roller  is  moving  toward 
the  left  in  a  circular  part  of  the  cam  slot,  the  center  of  wliicli  is 
at  the  center  of  the  valve  spindle.  This  causes  the  steam  arm  and 
the  bell-crank  lever,  which  has  the  roller  at  one  end,  to  move  in 
BDch  a  way  that  there  is  no  relative  motion  between  them.  As 
soon,  however,  as  the  roller  comes  to  the  point  where  it  is  forced 
to  move  out  of  this  circular  path  and  move  farther  front  the  valve 
spindle,  both  arms  of  the  bell-crank  lever  are  turned  downward, 
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tlio  dies  become  disengaged,  and  the  dash  pot  closes  the  valve. 
The  slight  np-and-down  motion  of  the  steam-arm  die  allows  it  to 
rise  while  the  hook  die  passes  underneath  when  returning  tore- 
engage  for  the  next  stroke.  The  makers  claim  that  this  gear  per- 
mits  a  much  higher  speed  than  is  possible  with  other  Corliss  gears. 
Qreene  Qear.  Another  well-known  drop  cut-off  gear  is  the 
Greene,  shown  in  Fig.  62.  The  valves  are  of  the  gridiron  type, 
sliding  on  horizontal  seats,  the  admission  valves  parallel  to,  and 
the  exhaust  valves  at  right  angles  to  the  axis  of  the  cylinder  and 
just  below  it.      AA  are  rwk   shafts   turning  in  lixed  bearings. 


Fig.  fii'. 

Bn  are  the  admission  valve  stems.  C  is  a  slide  bar,  receiving  a 
reciprocating  motion  from  an  eccentric.  TT  are  tappets  connecttnl 
to  the  slide  bar.  They  move  to  and  fro  with  the  slide  bar  and  can 
also  move  independently  up  and  down.  They  are  made  fast  at 
their  lower  end  to  the  gauge  plate  D  which  slides  through  the 
guide  E.  The  guide  E  is  made  fast  to  the  governor  rod  V  and 
through  this  means  can  be  raised  or  lowered,  thus  regulating  the 
height  of  the  tap[)ets. 

As  the  slide  bar  moves  toward  the  right,  the  right-hand 
tappet  is  brought  into  contact  with  the  toe  of  the  rocker,  causing 
it  to  turn  on  its  bearinas  and  move  the  rock  lever  and  the  valve 
Stem  r>  toward  the  right,  thus  opening  the  admission  valve.    Since 
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the  tappet  moves  in  a  horizontal  direction  while  the  toe  of  tlii' 
rocker  moves  in  an  arc,  it  will  be  seen  at  once  that  they  will  booh 
become  disengaged  and  release  the  valve  which  is  at  once  closed  by 
a  da^bpot  not  shown  in  the  figure.  If  the  governor  raises  the 
tappets,  ent-oflf  will  be  later.  A  nut  at  the  bottom  of  the  governor 
wxi  allows  a  proper  adjustment  of  the  guide  and  gauge  plate.  As 
the  slide  plate  C  moves  toward  the  right,  the  left-hand  tappet  comes 
»n  contact  with  the  heel  of  the  left-hand  roc-ker,  both  being  beveled, 
't  nsea  in  its  socket  allowing  the  tajipet  to  pass  under.  It  then 
'alls  by  its  own  weight  and  is  ready  to  engage  the  tappet  on  its 


V 


*Wrn  and  open  the  valve.  In  this  gear  the  disengagement  of  the 
^'ve  throws  no  load  whatever  on  the  governor  which  ia  a  distinct 
/"^^anti^  over  the  Corliss  gear.  The  action  of  the  exhaust  valves 
*^  not  shown  in  the  cut. 

The  Sulzer  Gear  ia  a  drop  (.Mit-off  widely  used  in  Europe, 
^he  valves  are  of  the  poppet  type,  liftiriif  straight  from  conical 
^'s,  BO  that  there  is  no  friction.  Tliey  are  usually  plactni  verti- 
^h  aliove  and  below  the  cylinder  axis  and  are  operated  by  eccen- 
"•^3  from  a  shaft  geared  to  the  main  shaft.  The  admission  valves 
^■^  litttd  from  their  seats  by  suitable  lovers,  then  released  by  a 
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device  equivalent  in  action  to  the  Beynolds  hook  and  are  quickly 
closed  by  the  action  of  springs. 

The  exhaust  valves  of  all  drop  cut-oflF  gears  are  comparatively 
simple  in  their  operation  and  both  in  opening  and  closing  they  are 
moved  by  the  direct  action  of  the  exhaust  rods. 

A  common  form  of  vacuum  dashpot  for  closing  admission 
valves  is  shown  in  Fig.  63.  The  rod  coming  down  from  the  steam 
arm  makes  a  ball-and-socket  joint  with  the  dashpot  piston.  The 
dashpot  is  often  let  down  into  the  engine  frame  as  shown.  When 
lifted,  the  piston  produces  a  partial  vacuum  underneath  it  so  that 
it  tends  to  drop  quickly  as  soon  as  the  valve  gear  is  released.  On 
some  of  the  largest  modern  engines  where  the  valves  are  very 
heavy,  steam -loaded  dash  pots  are  used;  that  is,  the  dashpot  piston 
has  steam  pressure  on  one  side,  and  an  air  cushion  on  the  other 
prevents  it  from  striking  the  bottom  of  the  dashpot. 

Corliss  Valve  Setting.     The  setting  of  a  Corliss  valve  gear 

is  a  much  longer  process  than 


WRIST  PLATE 
STAND 
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Fig    64. 


the  setting  of  a  plain  slide  valve, 
but  is  nevertheless    a    compar- 
atively simple  matter,    for   the 
various  adjustments  are  nearly 
all  independent  of  one  another. 
In  gears  like  that  shown  in  Fig. 
58  the  length  of  both  the  eccen- 
tric  rod    and  carrier    rod    art? 
unusually  adjustable,  and  tht? 
former  should  be  of  such  lencrtlm 


that  the  carrier  arm  swings  equai  distances  on  each  side  of  a  verti- 
cal  line  through  its  pivot,  and  the  carrier  rod  should  be  adjusted 
until  the  wrist  })hit(i  oscillates  syninietrically  about  a  vertical  lin^ 
through  its  j)ivot  Nearly  all  Corliss  engines  have  one  mark  on 
the  wrist  ])late  hub  and  three  on  the  wrist  plate  stand,  as  shown 
in  Fig.  04,  and  the  wrist  plate  should  swing  so  that  A,  the  mark: 
it  carries,  moves  from  C  to  1),  but  not  beyond  either  one.  When 
A  is  in  line  with  B,  the  wrist  plate  is  in  mid-position.  The  valves 
are  then  not  in  their  exact  mid-position,  but  it  is  customary  to  regard 
them  as  being  in  mid-j)osition,  and  to  8])eak  of  the  lap  as  the  amount 
the  valve  covers  the  port  when  the  wrist  plate  is  in  mid-position. 


V610 


/ 


VALVE  GEARS  73 

To  Bet  the  valves,  remove  the  bonnets  or  covers  of  the  valve 
chambers  od  the  Bide  opposite  tbe  gear.  The  ends  of  the  valves 
are  circular,  but  inside  their  cross-section  is  as  shown  in  Fig.  (S5. 
Od  (he  end,  in  line  with  the  finished  edge  of  the  valve,  and  on 
the  ae&t  in  line  with  the  edge  of  the  steam  jiort,  are  marks  as 
shown  in  Fig.  05,  "When  these  marks  coincide,  the  valve  is  either 
jusE  opening  or  jnst  closing,  and  when  in  any  other  position,  the 
UQODnt  of  opening  or  the  amount  by  which  the  f>ort  is  closi-d  is 
shown  directly  by  the  distance  between  tlie  marks,  JJIoek  the 
wrist  plate  in  mid-position,  hook  up  the  admission  valves  and 
"djnst  the  length  of  the  steam  rods  by  means  of  the  right  and  h-ft 
^oreads  provided  for  the  purpose,  until  tlie  jiorts  are  covi-rcd  by 
the  amount  of  lap  indicated  in  the  following  tiihle  opposite  the 
given  size  of  engine. 


Dta.  of  Cri. 

Smani  l^p 

12 

i 

U  to  16 

18  to  22 

f 

24io28 

Next  adjust  the  exhaust  ro<is  uiiti 

"*'*  unmount  equal  to  theclear- 

*^t^  given  in  the  above  table. 

*^t    the  engine  on  its  head. 

*^*i  dead  [>oint,  hook  theear- 

'*-**"  rod  onto  the  wrist  plate 

**<i  in  the  direction  in  which 

***  engine  is  to  run,  turn  the 

^^^-iitric  enough  to  open  the 

**sad.end  admission  valve  t)y 

^      Jiroper  amount    of    lead ; 

^l*tsn  the  eccentric  will  bo  W 

y^Wa    the     angular    advance  ii-j„  ^7^^ 

»l»e»d    of    the    crank.     The 

"V^oper  amount  of  lead  will  depend  upon  both  the  design  of  llu-  gear 
&nd  the  speed  at  which  the  engine  is  to  run  ;  and  ituiy  vary  from 
Vs'  for  small  engines  to  as  much  as  ^^j-"  or^^,"  for  hirgeand  higher. 
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speed  engines.  When  the  proper  amount  of  lead  has  been  obtained, 
fasten  the  eccentric  on  the  shaft  by  means  of  the  set  screw  and 
make  sure  by  trial  that  the  wrist  plate  moves  to  its  extremes  of 
travel.  The  dash  pot  rods  must  be  adjusted  so  that  when  the  dash- 
pot  piston  is  at  its  lowest  j)osition,  the  hooks  (see  Fig.  50 )  descend 
just  far  enough  for  the  hook  dies  to  snap  over  the  stud  dies  with 
about  3^2 "  to  -^^"  to  spare,  depending  on  the  size  of  the  gear. 

To  adjust  and  equalize  the  cut-off,  lift  the  governor  to  about 
the  position  that  it  will  occupy  when  running  at  normal  speed. 
and  put  a  block  under  the  collar  to  hold  it  in  this  position.  First 
set  the  double  lever  at  the  right  of  the  governor  cam  rods  so  that 
it  makes  approximately  equal  angles  with  each  rod,  and  then  turn 
the  engine  over  by  hand  until  the  piston  has  moved  to  the  desired 
point  of  cut-off.  Adjust  the  pro|)er  cam  rod  until  the  knock-of! 
cam  strikes  the  hook  and  allows  the  valve  to  close,  then  turn 
the  engine  to  the  point  of  cut-off  on  the  other  stroke  and  adjust  the 
other  cam  rod  in  a  similar  manner.  Xow  set  the  governor  in  the 
lowest  position  to  which  it  could  fall  if  there  were  no  load  on 
the  engine,  and  set  the  safety  cams  so  that  in  this  position  the  hook 
cannot  open  the  valve.  A  latrli  isj)rovided  on  which  the  governor 
can  he  supported  slightly  ai>ove  its  lowest  position  so  that  the  valves 
can  be  onened  ])V  tlu^  liook  when  >tartinix  the  entrine.      As  soon  as 

I  .  o  ~ 

the  engine  S[)eeds  up  this  lateli  must  be  moved  aside,  so  that  if  the 
governor  fails  to  act,  it  ean  drop  to  its  lowest  point,  otherwise  this 
latch  would  hold  it  just  liijrli  enoui^h  so  that  the  safetv  cams 
could  not  act. 

When  Corliss  gears  are  set  as  here  described,  the  jx)sition  of 
the  eccentric  may  not  l>e  quite  right,  due  to  an  incorrect  estimate 
of  the  amount  of  lead  required.  The  error  is  likely  to  produce 
faulty  release  and  compression  as  well  as  poor  admission,  but  it 
cannot  be  very  serious,  and  the  engine  will  turn  over  with  its  own 
steam,  so  that  indicator  diat^rams  may  be  taken.  The  final  adjust- 
ments  can  then  be  determined  from  an  examination  of  the  diagrams. 
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THE    STEAM    ENGINE 

PART     II. 


ACTION    OF    HEAT. 

There  are  several  types  of  heat  engines,  such  as  the  steam 
engine,  the  gas  engine,  the  hot-air  engine,  etc.,  each  one  of  which 
derives  its  motive  power  from  the  heat  contained  in  steam,  gas,  oil, 
hot  air,  or  some  otlier  substance.  Heat  is  imparted  to  these  sub- 
stiinces  either  by  the  combustion  of  fuel  in  a  generator  entirely 
separate  from  the  engine,  or  by  the  combustion  of  a  gjiseous  sub- 
stance in  the  cylinder  of  the  engine  itself.  In  the  case  of  the  hot- 
air  engine  the  heat  is  produced  by  a  fire  immediately  beneath  th« 
engine. 

Steam  and  hot  gases  have  a  tendency  to  expand,  because  of 
the  heat  they  contain,  thus  producing  a  pressure  in  all  directions. 
This  pressure  causes  the  piston  of  the  engine  to  move,  which  allows 
the  g^  to  expand.  As  the  gas  expands,  it  gives  up  heat,  which  is 
converted  into  useful  work. 

We  shall  now  discuss  the  fundamental  principles  of  the  action 
of  heat,  and  the  behavior  of  gases  and  vapors,  with  special  refer- 
ence to  the  properties  of  steam  and  its  action  in  the  cylinder  of  the 
engine. 

If  a  piece  of  iron  or  some  other  substance  is  placed  in  a  fire, 
it  becomes  hotter  than  it  was  before,  because  heat  from  the  fire 
has  passed  into  it.  If  this  hot  substance  is  plunged  into  cold 
water,  or  is  allowed  to  remain  in  a  cool  place,  heat  will  pass  from 
it,  and  we  say  that  it  becomes  cold. 

There  have  been  many  theories  as  to  what  heat  is.  The 
accepted  theory  of  to-day  is  that  heat  is  the  result  of  motion,  or  we 
may  say  it  is  a  form  of  kinetic  energy.  Heat  is  produced,  not  by 
the  motion  of  the  substance  itself  (for  the  hot  body  may  be  at 
rest),  but  by  a  rapid  vibration  i)f  the  minute  individual  particles 
that  make  up  the  body.  These  minute  particles  are  called  mol- 
ecules.    The  faster  the  molecules  vibrate,  the  greater  will  be  their 
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kinetic  energy  and  the  hotter  the  substance  will  become.  The 
hottest  bodies  are  tliose  that  have  the  greatest  energy  of  molecular 
vibration.  A  hot  body  can  transfer  its  energy  of  vibration  to  an- 
other, which  in  turn  becomes  hotter  than  it  was  before,  while  the 
firet  body  loses  a  i)art  of  its  energy  of  vibration  and  becomes  cooler. 
The  terms  hot  and  cold  are  only  comparative  terms ;  one  body  is  hot 
because  it  contains  a  greater  degree  of  heat  than  another ;  the  other 
is  cold  because  it  contains  a  less  degree  of  heat  than  the  first 
Cold,  then,  is  simply  a  low  degree  of  heat. 

By  temperature  is  meant  simply  the  thermal  condition  of  a 
body  with  reference  to  its  capability  of  transferring  heat  to  other 
bodies.  If  two  bodies  are  placed  in  contact  and  the  first  gives 
more  heat  to  the  second  than  it  receives,  we  say  that  No.  1  is 
hotter  than  No.  2.  If  the  first  receives  more  heat  than  it  gives, 
No.  2  is  hotter  than  No.  1.  If  both  bodies  give  and  receive  the 
same  amount  of  heat,  they  are  of  the  same  temperature. 

According  to  our  tlieory,  it  is  evident  that  temperature  de- 
pends upon  the  energy  of  molecular  vibration.  If  the  temperature 
rises,  it  means  that  the  molecular  vibration,  and  consequently  the 
energy,  increases;  if  the  temperature  falls,  the  energy  of  molecular 
vibration  decre.ises.  Evidently  a  point  must  finally  be  reached 
when  this  energy  of  vibration  is  zero  and  the  molecules  are  at  rest. 
At  this  temperature  there  is  no  heat  and  we  call  it  the  alisolute 
zero.  It  is  evident  that  this  zero  is  veiy  much  below  the  zero  of 
the  ordinary  scale. 

In  order  to  determine  just  how  hot  a  body  is,  we  must  com- 
pare its  temperature  with  that  of  some  substance  whose  degree  of 
heat  we  know.  It  would  be  impossible  to  keep  several  bodies  at 
different  degrees  of  heat  for  comparison,  so  we  must  resort  to  some 
other  means.  A  simple  method  is  to  use  some  substance  whose 
volume  changes  a  definite  amount  for  a  definite  change  in  temper- 
ature and  always  has  the  same  volume  for  the  same  temperature. 
Mercury  and  alcohol  are  suitable  substances  and  may  be  placed  in 
a  glass  bulb,  to  which  is  connected  a  glass  tube  of  small  bore.  All 
the  air  is  drawn  out  of  the  tube,  and  the  end  is  sealed  so  that  the 
thermometric  substance  can  expand  or  contract  in  a  vacuum. 
The  tube  having  been  sealed,  the  bulb  is  placed  in  melting  ice  and 
the  height  of  the  mercury  in  the  tube  noted.     It  is  then  placed 
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in  steam  (or  boiling  water)  at  atmospheric  pressure  and  the  lieight 
of  the  column  again  noted.  On  the  Fahrenheit  scale  the  melting 
point  is  called  32°,  and  the  boiling  point  212°,  and  the  intervening 
space  is  divided  into  180  equal  parts.  In  the  Centigmde  scale 
the  melting  point  is  called  0  and  the  boiling  point  100°;  there  are 
100  equal  intervals  between  them.  Thus  we  see  that  180°  F  r:^ 
100°  C,  or  1°  C  =  1.8°  F. 

Example  :    What  is  the  temperature  of  50°  C  on  the  F  scale  ? 
50°  C  =  50  X  1.8  =  90°  F  above  the  melting  point 
or  90  +  32  =  122°  F  above  zero. 

In  order  to  compare  temperatures,  we  place  the  thermometer 
in  contact  with  the  substance  whose  degree  of  heat  we  wish  to 
know  and  then  observe  the  height  of  the  liquid  column  in  the  ther- 
mometer. The  height  of  this  column  depends  upon  the  expansion 
of  the  thermometric  substance  and  indicates  the  intensity  of  heat, 
or  the  temperature  as  we  commonly  call  it.  We  use  a  thermom- 
eter to  measure  the  intensity  of  heat,  but  not  the  quantity  of 
heat. 

For  measuring  the  intensity  of  heat,  the  degree  is  the  unit; 
for  measuring  the  quantity  of  heat  we  have  another  unit,  which  is 
tlie  amount  of  heat  necessary  to  raise  one  pound  of  water  from  61° 
F  to  62°  F.  This  is  called  the  British  thermal  unit  (B.  T.  U.). 
To. raise  one  pound  of  water  from  G0°  F  to  62°  F,  or  to  raise  two 
pounds  from  60°  F  to  61°  F,  will  require  2  B.  T.  U. 

Suppose  we  have  a  small  bar  of  iron  lieatod  to  a  white  heat; 
its  temperature  will  be  high,  but  it  will  contain  a  relatively 
small  quantity  of  heat,  that  is,  it  will  not  require  a  great  many 
B.  T.  U.  to  raise  its  temperature  to  this  high  point.  But  suppose 
this  same  number  of  heat  units  were  transferred  to  a  ton  of  iron  ; 
the  temperature  would  scarcely  be  changed,  for  the  infinitely 
greater  number  of  particles  would  have  a  correspondingly  less 
number  of  vibrations. 

Experience  teaches  us  that  when  a  rifle-ball  strikes  a  target 
it  stops,  and  that  the  energy  which  it  possesses  by  virtue  of  its 
bodily  motion  is  suddenly  transformed  into  energy  of  molecular 
motion.  Energy  is  indestructible ;  the  molecular  motion  of  the 
impinging  body  is  at  once  increased  and  heat  is  developed.  In 
general,  whenever  moving  bodies  are  brought  to  rest,  either  sud- 
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denly  as  by  impact  or  gradually  as  by  friction^  the  kinetic  energy 
of  the  moving  mass  is  transformed  into  molecular  kinetic  energy^ 
and  we  say  that  the  bodies  become  heated. 

We  have  now  seen  that  we  can  transform  energy  of  motion 
into  heat.     Al>o  by  means  of  suitable  apparatus  we  can  transform 
heat  into  ener^i^y  of  motion.     Heat  is  the  lowest  form  of  energy, 
and  wliile  it  is  comparatively  easy  to  transform  other  forms  into 
heat,  it  is  not  as  easy  to  change  heat  into  the  higher  forms  of 
energy.     The  principle  of  the  transformation  is  simple  enough, bat 
if  we  are  to  h:ive  an  eflicient  engine,  we  must  be  able  to  extnct 
practically  all  of  the  heat  from  the  working  substance.     ThiSi  bow- 
ever,  is  impossible,  because   the  ordinary  ranges  of  tempentoe 
used  in  practice  are  so  far  removed  from  the  absolute  zero  of 
temperature,  tliat  with  the  most  perfect  machines  we  can  at  best 
recover  but  a  fraction  of  the  heat;  the  rest  passing  out  of  the 
engine. 

The  transformation  is  accomplished  by  means  of  a  working 
suljstance  wliicli  }>iusses  from  the  temperature  of  a  heat  generator 
into  a  refrigerator ;  tlie  lieat  given  up  during  the  change  is  trans- 
foi-med  into  work.  By  the  term  refrigerator  we  mean  the  low 
tempenilure  of  the  working  su])stance  at  exhaust.  The  greater 
the  temperature  of  tlie  source  of  heat,  or  the  lower  the  temperature 
of  tlie  refrigerator,  the  greater  will  l>e  the  amount  of  heat  that  can 
l>e  abstracted  and  converted  into  useful  work.  If  the  temperature 
of  the  refrin^erator  could  be  reduced  to  tlie  absolute  zero,  all  the 
heat  would  be  removed  from  the  working  substance,  and  the  only 
loss  would  be  that  due  t<>  mechanical  imperfections  of  the  engine; 
but  since  the  absolute  zero  is  401^  below  the  zero  on  the  Fahren- 
heit scale,  or  4i)3^  below  the  freezing  point,  we  must  at  best  allow 
a  relatively  large  amount  of  heat  to  pass  out  of  the  engine  into 
the  refrigerator  without  having  done  any  work  at  all. 

The  unit  of  woik  is  the  foot-pound ;  that  is,  the  work  done 
in  raisinir  one  pound  one  foot.  By  means  of  careful  experiments 
it  has  been  determined  that  for  every  778  foot-pounds  of  work 
tran-;formed  into  heat  there  is  developed  one  B.  T.  U.  This  value 
778  is  known  as  the  Mechanical  Equivalent  of  heat.  It  means 
that  one  B.  T.  U.  and  778  foot-pounds  of  work  are  mutually 
interchangeable. 
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EXPANSION    OP    QASE5. 

A  perfect  giis,  strictly  speaking,  is  one  that  cannot  be  lique- 
fied ;  ordinarily,  however,  we  apply  the  term  to  those  gases  that  can 
be  liquefied  only  with  great  difficulty,  that  is,  under  extreme  pres- 
sure and  a  great  reduction  of  temperature.     For  every  perfect  gas 
tliere  is  a  definite  relation  between  the  pressure  and  volume,  and 
vrhat  is  known  as  Boyle's  Law  has  been  found  to  hold  true,  viz. : 
The  pressure  of  a  perfect  gas  at  constant  temperature  varies  in- 
versely as  the  volume ;  that  is,  if  the  temperature  remains  constant 
the   pressure  becomes  less  as  fast  as  the  volume  becomes  greater, 
or    conversely  the  volume  becomes  less   as  fast  as  the  pressure 
becomeS'  greater.     Now  if  the  pressure  becomes  twice  as  great,  the 
volume  becomes  half  as  large,  and  if  the  volume  becomes  three 
times  as  great,  the  pressure  will  be  only  one-third  as  much.     Hence 
-we  see  that  however  the  pressure  may  vary,  the  volume  will  change 
in  such  a  way  that  the  pressure  multiplied  by  the  volume  will 
always  be  constant,  provided  the  temperature  remains  the  same. 
This  simple  law  is  expressed  thus : 

P  X  V  =  C 

In  which 

P  =  pressure  in  pounds  per  square  inch  (absolute) 

V=  volume  in  cubic  feet 

C  =  a  constant  which  has  different  values  for  different  gases. 

Gases  that  are  not  easily  liquefied,  such  as  hydrogen,  oxygen 
and  air,  follow  this  law  fairly  well,  but  those  tliat  are  easily  lique- 
licd,  such  as  steam  and  ammonia,  do  not  follow  it  at  all. 

The  value  of  C  is  not  the  same*  for  all  gases,  and  as  no  gas  is, 
strictly  speaking,  a  perfect  gas,  »ts  value  varies  slightly  with  the 
temperature.  For  air,  which  is  nearly  a  perfect  gas,  its  value  is 
182.08  at  32°  F. 

Exantple. — What  is  the  absolute  pressure  per  square  inch  of 
one  pound  of  air  if  the  temperature  is  32°  F,  and  the  volume 
4.129  cubic  feet? 

V  =  4.129 

PXV=C    or  P  =  _!^  ==1^2:2? 

V  4.129 

P  =  44.1  pounds  per  square  inch,  absolute. 
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Lee  OS  £9i^i£4S  thJ»  L&v  hr  wtemns  of  a  diagimm.  I*^.  1  k 
O  T  ftsd  O  X  as  right  aa^es  to  each  other;  preMra 
are  meascreti  to  any  ccareiJau  scale  ooOY  and  Tolames  on  0  X. 
O  C  lepnaesia  l±.Si^7  cobic  feet  and  O  D  rqwesenta  1-1.7  ponndS) 
SBcePx  V  =  IS±c>S.  OFRprfsentsf4.T74  cable  feet  and  06 
7^  pnqmii^  Izk  like  maaner  O  L  represoits  6.19  coUc  feet  and  0  N 
29.41  poandsL  Then  if  we  draw  perpciMliciiIars  to  O  X  at  L,  C 
and  F.  and  perpendiexilars  to  O  Y  at  X,  D  and  G,  they  will  meet 
m  the  points  >L  E  and  H.     The  enrre  A  B  is  drawn  through 

Y[^ .  j^  these   points.      Then  for 

any  piv&sure  we  can  find 
the  com?s{K>nding  volnme 
or  CM  iYrt*i.  The  area  of 
the  rectangle  ODEC 
equals  that  of  the  rectangle 
O  G  H  F  and  also  that  of 
the  rectangle  O  N  M  L. 
That  this  is  so  is  readily 
seen  from  the  &ct  that  the 
pnxluct  of  tlie  pressure  and 
its  corre5ii>oiiding  volume 
-   is  e«^!istant. 

If  we  plot  a  curve 
using  this  equation  we  will 
get  a  rtctanguliir  !.y:<TlK»la,  as  shown  in  -Steam  Engine  Indi- 
cators." Ti*is  rurvt:*  :>  oalled  an  isothermal  curve  or  curve  of 
equal  tempenitiin  s. 

If  the  vi>luiiie  of  a  jiei  iVct  gas  remains  constant,  the  pressure 
will  vary  as  the  ienij»t»raiuie.  Or,  if  the  pressure  remains  constant, 
the  volume  will  vary  as  the  temperature.  Tliis  is  known  as  the 
Law  of  Charles.  From  this  we  see  that,  as  the  temperature 
decreases,  either  the  pressure  or  the  volume  will  decrease  a  pr^ 
portionate  amount,  and  this  must  continue  as  long  as  there  is  any 
heat  in  the  gas ;  finally  a  low  temperatui-e  (the  absolute  zero) 
will  l)e  reached,  where  there  is  no  more  heat^  and  consequently 
eitlujr  the  pressure  or  the  volume  must  be  zero,  provided  tliis  b^ 
holds  true  at  such  a  very  low  temperature. 

The  law  states  that  any  change  of  pressure  or  volume  is  p^ 
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portional  to  the  change  in  temperature,  that  is,  the  new  volume  is 

equal  to  the  first  volume  plus  or  minus  some  fractional  part  of 

this  volume,  called  the  coefficient  of  expansion,  multiplied  by  the 

change  in  temperature.     We  may  express  the  formula  thus : 

Pi  Vi=P  V+(PV)A:X  « 

=  PV(1+A:0. 
Where  P^  and  V^  are  the  new  pressure  and  volume 

P  and  V  are  the  first  pressure  and  volume 

k  is  the  coefficient  of  expansion  for  the  gas 

t  is  the  change  in  temperature. 

From  Boyle's  Law  we  know  that  P  V  =  C ;  hence  we  may 
^^rfte  the  above  equation : 

P^  Vi=C(14-*0 

=  K  ('  (^  -}-  t) 

Prom  careful  experiments  on  the  expansion  of  air,  Regnault 
«-^termined  the  value  of  the  coefficient  k  to  be  .003654  for  Conti- 
ff'^de  imits.  This  value  is  constant  between  freezing  point,  0, 
^^d  boiling  point,  100°.  Substituting  this  value  of  k  in  our  hist 
®^^tion,  we  have : 

P-  V,  =  C  ( ^ +  0 

=  C  (273.7  +  0. 
Now  if  we  should  make  the  change  of  temperature,  f,  equal 
^  ^--273.7°  we  should  have  : 

Pj  V^  =  C(273.7  —  273.7)  =  0 
P,  V,  =  0. 
Therefore  we  must  have  reached  the  absolute  zero  at  —  273.7® 
*0\^r  the  freezing  pomt,  because  here  Pi  X  V^  has  reached  0,  as 
^^    have  previously  seen  must  be  the  case  at  the  absolute  zero. 
""^^.^  X  1.8  =  492.7°  for  the  F  scale.     Therefore  the  absolute 
^^o  is  492.7°  —  32°  =  460.7°  below  zero  on  tlie  Fahrenheit  scale, 
^^  ordinary  work  461  will  be  sufficiently  accurate. 

If  we  let  P  =  absolute  pressure  in  pounds  per  square  inch 
V  =  volume  of  one  pound  in  cubic  feet 
T  =  absolute  temperature  on  Fahrenheit  scale, 

Then,  P  V  =  C  T. 

C  equals  .3693  for  air. 
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Example . — If  one  pound  of  air  occupies  16.60$  cubic  feet  itt 
:i pressure  uf  14.7  pouiuls  i>er  square  inch,  what  is  its  temperatute? 

P  X  V  =  C  X  T 
14.7  X  16.606  =  .3633  X  T 
.  244.108 
.3693 
T  =  i!61. 

Tliis  value  661  is  absolute  tempei-ature,  and  to  find  the 
Falu-eiilu-it  tcmiienmire  461  must  l>e  8ubtracte<l  from  it.  Thus, 
tltil"  — 461°  ^200°  K. 

Satumtiil  Vap-r.  Tlie  jiroce**  of  converting  a  liquid  into 
a  Viipor  is  known  as  vaporization;  the  product  thus  formed  is 
rpiidily  condensed  and 
tlu'refore  does  not  follow 
the  laws  of  perfect  gases 
at  all.  A  dry  saturated 
^apor  is  one  that  has 
just  enough  heat  in  it 
to  keep  it  iti  the  form 
of  a  vjipiir  ;  if  we  add 
mure  heat  it  becomes 
y     .J  superheated.     A    aupei^ 

heated  vapor  may  lose 
a  part  of  its  heat  witliout  coiideiisaticm  ;  a  satuialed  vapor  cannot. 
When  a  satuiatcd  vapor  loses  a  part  (if  its  heat  some  of  it  will 
eiindensc  and  we  say  that  the  vapor  is  wet. 

Steam  is  sini|ily  the  vapor  from  water  and  we  shall  confine 
our  dis(iussii)n  to  tliis  alone.  Suppose  we  have  a  vertical  cylinder, 
as  sh'iwii  in  Fig,  '2,  fitted  with  a  light  piston  free  to  move  up  and 
down,  yet  so  construetcd  that  it  m.LV  Ijo  loaded  at  will.  Suppose 
that  there  i.s  one  pound  of  water  iit  a  temperature  of  Zl"  F  in  the 
iKittiim  of  this  cylinder,  and  that  the  piston  rests  upon  its  surface. 
Now,  if  we  ajiply  lii'ut  liy  means  of  a  gas  flame  or  fire,  we  shall 
notice  the  following  effects: 

Fimt. — The  ti'inporatare  of  llie  water  will  gradually  rise  until 
it  reaches  the  teni|)orature  at  which  steam  is  formed.  This 
temperature  will  deperul  upon  the  pressure,  or  the  load  on  the 
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piston.  If  the  piston  is  very  light,  we  may  neglect  its  weight  and 
consider  that  there  is  simply  the  atmosplieric  pressure  of  14.7 
pounds  per  square  inch  acting  on  the  water  surface.  At  this 
pressure  steam  will  begin  to  form  at  212°  F. 

Second, —  As  soon  as  212**  F  is  reached,  steam  ^vill  begin  to 
form  and  the  piston  will  steadily  rise,  but  no  matter  how  hot  the 
fire  may  be,  the  temperature  of  both  water  and  steam  will  remain 
at  212°  until  all  the  water  is  evaporated.  We  had  one  pound  of 
water  at  32°  F  and  at  14.7  pounds  alisolute  pressure,  and  found 
that  steam  formed  at  a  temperature  of  212°  F  and  remained  at 
that  temperature.  We  added  180.9  B.  T.  U.,  the  heat  of  the 
liquid,  to  bring  the  water  from  32°  to  the  l)oiling  point.  To  con- 
vert water  at  212°  into  steam  at  212°,  we  added  965.7  B.  T.  U. 
more.  This  quantity,  known  as  the  latent  heat,  or  lieat  of  vapor- 
ization, makes  the  total  heat  1,146.6  B.  T.  U.  If  we  should 
measure  the  voliune  carefully  after  all  the  water  was  evaporated, 
^we  should  find  that  there  was  just  20.36  cubic  feet  of  dry  saturated 
steam.  We  had  one  pound  of  water,  and  therefore  must  have  one 
pound  of  steam,  for  none  of  it  could  escape ;  hence  one  cubic  foot 

^will  weigh  ._  _ _^  =  0.03794   pounds,   which    is    known  as    the 

26.36 

<lensity  of  steam  at  14.7  pounds  absolute  pressure  or  212°  F. 
In  the  Table  of  Properties  of  Saturated  Steam  (see  page  14) 
«ill  these  quantities  are  found  in  the  order  given  and  at  the  pres- 
sure of  14.7  pounds  above  vacuum. 

Suppose  now  we  place  a  weight  of  85.3  pounds  on  the  piston. 
The  pressure  is  85.3  pounds  plus  14  7  pounds,  or  100  pounds  abso- 
lute. We  shall  now  find  that  no  steam  will  form  until  a  temper- 
ature of  327.58°  is  reached.  Starting  with  water  at  32°,  it  will 
be  necessary  to  add  297.9  B.  T.  U.  before  a  temperature  of 
327.68°  is  reached,  and  also  we  must  add  884.0  B.  T.  U.  more  to 
vaporize  it,  making  a  total  heat  of  1,181.9  B.  T.  U.  Under  this 
greater  pressure  the  steam  occupies  a  volume  of  only  4.403  cubic 

feet,  or  one  cubic  foot  of  it  weighs  =  0.2271  pound. 

^      4.403  ^ 

Of  course  it  would  be  impossible  to  determine  all  these  dif- 
ferent quantities  by  actual  experiment,  and  at  all  pressures  varying 
from  vacuum  to  the  high  pressures,  iMsed  in  water-tube   boilers. 
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Fortunately  we  are  able  to  compute  them  all  from  equations  which 
have  been  carefully  determined  by  experiment.  If  saturated 
steam  were  a  perfect  giis,  we  could  easily  calculate  all  the  relations 
of  pressure,  volume  and  temperature  from  the  equation  PV=  CT, 
but  steam  is  so  far  removed  from  the  state  of  a  perfect  gas  that 
these  relations  do  not  hold,  and  the  true  equations  become  very 
complex.  The  following  equation  proposed  by  Rankin  is  one  of 
the  simplest,  and  gives  fairly  good  results: 

lo         V  =  A  —  —  —  ^ 

O  1  0  rty  'P2 

in  wlii(;h  P  ^=:  pressure  in  j)Ounds  per  square  inch  alx)ve  vacuum. 

A  =  (1.1 007 

H  =1  2,732 

C  =  300,945 

T  =  absolute  temperature  in  Fahrenheit  degrees. 
By  the  aid  of  such  equations  as  this,  all  the  different  quan- 
tities fouiul  ill  the  steam  tables  may  be  calculated.    These  equation* 
are  based  on  careful  experiments  and  give  very  satisfactory  result* 
Steam  Tables.     AVe   have  already  seen   that  any  change  ^^ 
the  tempera tuie  of  saturated  steam  produces  a  change  of  press u^^** 
and  tliat  every  cliange  of  pressure  corresponds  to  a  certain  chai^S 
in  temperature.     There  are  several  properties  of  saturated  st^^^^ 
that  depend  upon  the  temperature  and  pressure;  and  the  val*-^ 
of  all  these  ditTerent  properties  when  arranged  for  all  temperati >^  ^^^ 
and    pressures  are  called  Steam    Tables.     The  following  are     '^ 

priucii)al  items  that  are  found  in  the  tables : 

is 

1.  The  absolute  pressure  iu  pounds  per  square  inch;  it> 

equal  to  the  'S^\g^  pressure  plus  the  atmospheric  pressure  of  1  -^^  ' 
pounds. 

2.  The  temperature  of  the  steam,  or  boiling  water,  at  t^^^^ 
correspcmding  pressure. 

3.  The  heat  of  the  liquid  ;   or  the  number  of  B.  T.  U.  nec^^" 
sai-y  to  raise  one  pound  of  water  from  32°  F  to  the  boiling  poir^  ^ 
corresi)onding  to  the  given  pressure. 

4.  The  heat  of  vaporization,  or  the  latent  heat;  this  is  tJi^ 
numl)er  of  B.  T.  U.  necessary  to  change  one  pound  of  water,  a* 
the  l)oiling  point,  into  dry  saturated  steam  at  the  same  tem[)erature 
and  pressuie. 
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5.  The  total  heat*  or  the  number  of  B.  T.  U.  necessary  to 
change  one  pound  of  water  from  32°  F  into  steam  at  the  given 
temperature  or  pressure.     The  total  heat  is  evidently  equal  to  the 

su  m  of  the  heat  of  the  liquid  and  the  heat  of  vaporization. 

6.  The  density  of  the  steam  ;  that  is,  the  weight  in  pounds 
^^  one  cubic  foot  of  steam  at  the  given  temperature  or  pressure. 

7.  The  specific  volume ;   or   volume  in   cubic   feet  of  one 
I>ound  of  steam  at  the  required  temperature  or  pressure.     Evi- 

^^titly  the  specific  volume  is  equal  to 

density 

All  these  properties  have  been  calcuhiti^d  by  means  of  various 

^^iTnulas  which  have    been  deduced  from   the   results   of  actual 

^^I>eriment.     There  are  several  formulas  for  the  temperatures  and 

pressures  of  steam  ;  as  some  computers  have  used  one  and  some 

^^^other,    there  is  likely  to  be   a  slight  discrepancy  between  the 

*^^t>le8  computed  by  different  authors.     Rankin's  formula,  already 

S'^^en,  is  the  simplest,  but  is  not  generally  considered  to  be  quite 

^"^  a^^urate  as  some  of  the  later  ones ;  it  has  probably  been  used, 

*^o^-ever,  more  than  any  other. 

The  total  heat  may  be  calculated  by  means  of  the  formula 

H  =  1,091.7  +  0.305  (t  —  32)  [1] 

^^^    xvhich        H  =  total  heat 

t  =  temperature  in  degrees  Fahrenheit. 

The  heat  of  the  liquid  is  equjil  t<^)  q. 

q  =1  1  +  0.00002  t^  +  0.0000003  ^•i  [2] 

^^     Xvhich  t  =:  temperature  in  degiees  Centigrade. 

These  constants  are  for  use  in  the  Centigrade  system  only. 

calculate  the   heat  of  the  liquid  for  any  Fahrenheit  temper- 

^v^re  it  is  necessary  to   change   the  Fahrenheit  into  equivalent 

iitigrade  degrees  and  then  substitute  in  the  above  formula. 

The  formula  used  for  the  calculation  of  specific  volume  is  too 

^Hiplex  for  consideration  here,  but  the  relation  of  pressure  and 

^^lume  may  be  approximately  expressed  by  means  of  an  equation 

the  form  P  Y^  =  C,  in  which  n  is  an  ex[)onent,  C  a  constant, 
the  absolute   pressure,  and  V  the  specific  volume ;  n  is  usually 

17 

en  to  be  — ,  a  ad  C  to  be  475. 

16 
On  pages  14    md  15  are  given  tables  of  the   properties  of 
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TABLB  OP  PROPERTieS  OP  SATURATED  STEAM. 
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TABLE 

OF   PROPERTIES  OF  SATURATED  STEAM. 
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saturated  steam,  one  Tairing  with  the  temperatures,  the  odier 
with  the  pressures.  The  tables  are  made  out  in  five  unit  inter- 
\-aIs ;  iiitermediate  points  are  proportional. 

Example. —  Suppose  we  wish  to  find  the  total  heat  corre- 
sponding to  a  pressure  of  112.3  pounds  (gage).  We  first  add 
14.7  to  the  112.3  and  get  127  pounds  absolute  pressure.  The 
total  heat  of  1  pound  of  steam  at  125  pounds  pressure  is  1,186.9. 
The  total  heat  at  130  pounds  pressure  is  1,187.8. 

Difference  for  5  pounds  =  1,187.8    —  1,180.9  =  .9 
Difference  for  1  pound    =  .9   -^    5  i=  .18 
Difference  for  2  pounds  =  2  X  .18  =  .36 

Xhe  total  heat  for  127  pounds  is  : 

Total  heat  at  12;5  pounds  =  1,186.9 
Difference  for     2  pounds  =  .36 

Total  heat  at  127  pounds  =  1,187.26 

This  method  is  called  interpolation,  ;ind  in   many  coniple^ 
tables  the  differences  for  the  intervals  are  given  to  facilitate  t^^ 
work. 

If  steam  tables  are  not  at  himd,  there  are  several  approximau  '^ 
formulas  iliat  may  be  used  for  rough  calculations  and  estimate==^^ 
but  it  must  be  b(>nie  in  mind  that  results  obtained   bv  the  use 
these  equations  are  not  strictly  ace  unite,  and  should  not  be  us^  ^®^ 

if  the  reticular  tables  can  be  had. 

•  .      ^       "he 

Probably  the   relation   of   teni[)ei-nture   and   pressure  will  ^ 

most    frequently   needed.      If    the   gage    j)ressure    is   between    IT" 

}K)unds  and  loO  pounds 

^  ==  14  V  TT-f  198  appi-oximately         [3] 

wliere  t  =  temperature  in  degrees  Fahrenheit 

p  =  ga<^e  pressure  in  pounds  per  scjiuire  inch. 
For  pressures  over  100  pounds  per  square  inch  (gage)  ^^^ 
must  modify  the  equation  thus  : 


ol 


•20 


wc 


t=U^    j.^-V,S-iP-''' 


)  [4] 


11 

These  equations  will  cover  a  range  of  pressures  fiom  20 
340  pounds,  and  give  an  error  of  less  than  1^^  in  nearly  all  caa^-^^- 
From  85  pounds  per  square  inch  to  100  pounds  the  error  is  g^^^' 
erally  less  than  one-half  of  one  degree. 
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For  pressures  below  20  pounds  use  the  constant  196  instead 
of  198. 

The    latent   heat  may   be  approximately  expressed    by  the 
i'ox-ixiula, 

I  =  1,114  — .7  e  [5] 

^'i   xv-hich  I  z=  latent  heat 

t  =  temperature  in  degrees  F. 

This  formula  gives  very  good  results  for  temperatures  less 
320*^,  corresponding  to  a  gage  pressure  of  about  75  pounds, 
►ve  this  pressure  the  formula  gives  slightly  larger  results  than 
^^^"^    found  in  the  steam  tables.     At  250  pounds  (gage)  the  for- 
la  gives  829.8  and  the  steam  tables  825.8,  so  that  the  error 
^11  not  be  large  in  any  case. 

We  have  defined  a  B.  T.  U.  as  the  amount  of  heat  necessary 
raise  one  pound  of  water  from  61°  F  to  62°  F.     The  specific 
"^stt  of  water  is  nearly  constant  over  ordinary  ranges  of  temper- 
re  and  at  400°  we  find  the  heat  of  the  liquid  from  the  tables  to 
373.7  B.  T.  U.     By  definition,  the  heat  of  the  liquid  at  32°  is 
^«ro,  so  that  a  rise  of  368°  in  temperature  requires  373.7  B.  T.  U. 
^^.    we  consider  the  heat  of  the  liquid  proportional  to  the  rise  in 
"temperature,  our  error  will    be  5.7   units  of  heat  in  400°.      At 
lo\%^er  temperatures  the  error  is   much  smaller,   so  that  we   may 
express  the  heat  of  the  liquid  approximately  by  the  formula, 

h  =  t  —  32  [6] 

^^  ^vhich  h  =  the  heat  of  the  liquid 

t  =  temperature  in  degrees  as  Vjefore. 

The  total  heat  is  equal  to  the  sum  of  the  last  two,  or 

H  =  A  +  Z  [7] 

The  relation  of  pressure  and  volume  of  steam  may  be  approx 
^t^^ly  expressed  by  the  equation 

In  which  P  =  absolute  pressure 
V  =  specific  volume 

n  =:  an  exponent  =  - — 
^  16 

C  =r  a  constant       r=:  475  nearly. 
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We  may  then  write  the  equation 

This  is  called  the  equation  of  constant  steaiu  weight;  ifc  may 

W  solved  l>v  the  aid  <'f  locr^irithms. 

The  density  c*i:i  of  course  be  determined  from  the  spe        cific 
volume. 

l.ei  us  app»y  these  approximate  formulas  to  a  specific  ^^"case 
and  see  how  ihe  ivsults  compare  with  the  actual  quantities  g^^Sven 
in  the  strain  tahles.  For  this  purpose  we  will  suppose  steaiM'"*^^  '^^ 
T0.;>  pounds  sri^co  i>n'S>n!\-  or  80  pounds  absolute. 

Kquation  (^0)  c'  =  14  ^  y/  -f  198 

^  1^  V  7^  +  li^^  =  315.40^ 
V^orr.  >;t\.-.v.  ;;»,■'..>,  :r:ii:xMMtiiiv  =  316.02° 

* 

Kqi;.i:;»  :i  ^^o^'  '  ^=  1,114  —  .7  ^ 

'  z=  1,114  —  (.7  X  315.4)  =  893.2 
Fro:n  s:r;iTv.  :..'  .*  s,  '...:»•:.:  Iit-ai  =  892.6 


Kou.-:: 


...     -         ■» 

fl       -- 


o2  z^  283.4 

1     •* '*.    .  ' •:  ..u  —  — -^O.^ 

.."••      •■  I  \  *       — •     

r^  i>.'.^  "-  8^^0.2  =  1,179.0 

F  kv:  \.':  .r^.  :   ■...*  1.- .',:  =  1,178.3 

\      i^ 

V'*-\  :..    .-<,  <*-^.:-     ^  •.■.".v      —    .>.12^. 

A  .         ..    -  V.     :  :     <L  >  <  .*:<  ^1.  'as  th.it  these  formulas  ca 

:o:   1'     '.>    1   \\ '  :  .    ..\    :<   <    :^'  :  :  :»*.;:   if  only  approxiraa 

u -.'/.>    ..:      •- -*      i    .'-\    \\ .  *.  'v    t    .;:vl  >ar>fao:orv.     Whenev- 

:    <>  *   •    :.o  ^:- -■•  .   :..':    -^   -     u*  I    :»':•    us-d  in   preference  to  ai 

.>/i:-.T  "'  ?    ]''■    \     We  h.ive  seen  that  a  saturated  va 
contains  j'>:  t-noa^-h  iieat  t-^  kt'-p  i:  ;■.  :he  form  of  a  vapor;  if 
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loses  heat  it  will  condense.  A  superheated  vapor  is  one  that  has 
^en  heated  after  vaporization  ;  it  can  lose  this  extra  heat  before 
^^y  condensation  will  take  place.  A  vapor  in  contact  with  its 
liquid  is  saturated;  one  heated  after  removal  from  the  liquid  is 
superheated. 

For  saturated  steam  there  is  a  fixed  temperature  for  every 
pressure.  If  we  know  either  the  pressure  or  the  temperature,  we 
^^n  find  the  other  in  the  steam  tables.  For  instance,  if  the  gage 
Pi^ssure  of  a  boiler  is  60.3  pounds  and  we  wish  to  know  the  tem- 
perature, we  simply  add  atmospheric  pressure  and  turn  to  our 
^bles  and  find  it  to  be  307°  (about). 

With  superheated  steam  the  case  is  entirely  different,  for  there 

*®  Ho  longer  the  same  direct  relation  between  the  temperature  and 

P**essure.     In  fact,  the  relation  between  temperature  and  pressure 

^^  superheated  steam  depends  upon  the  amount  of  superheating. 

^^perheated  steam  at  60.3  pounds  gage  pressure  may  have  a  tem- 

I^^rsiture   considerably  above    307°  F.     At  a  given  pressure  the 

^^^mperature  and  volume  of  a  given  weight  of  superheated  steam 

always  greater  than  the  temperature  and  volume  of  the  same 

ight  of  saturated  steam.     The  properties  of  superheated  steam 

fc    given  pressure  are  not  constant  as  is  the  case  with  saturated 


If  superheated  steam  were  a  perfect  gas,  we  could  determine 
relation  of  P,  V  and  T  by  the  equation  PV  i=  CT  ;  but  super- 
ted  steam  is  not  a  perfect  gas,  hence  we  must  modify  our  equa- 
<^>Q.     By  experiment  it  has  been  determined  that  tlie  following 
-^oation  is  nearly  correct : 

PV  =93.5  T  — 971  Pt 

lu  which  P  =  absolute  pressure  in  pounds  per  square  foot 
T  =  absolute  temperature 
V  =  volume  of  1  pound  in  cubic  feet. 

THE  STEAM    ENGINE. 

We  have  studied  the  action  and  formation  of  steam,  and  now 

^  Bliall  consider  its  application  to  the  steam  engine.     We  know 

^^^  steam  contains  a  great  deal  of  heat,  and  that  heat  can  be  con- 

^^^ted  into  work  by  allowing  a  working  substance  to  pass  from 

^^^  high  temperature  of  the  heat  generator  to  the  lower  tempera- 
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:  ..r:-  ::  :r.r  rv:rl^r.i:or,  during  tins  change  giving  up  heat ^   which 

-*  :ri:.>f  rrvri  ::.:o  work.    There  are  several  forms  of  heat  ex^gint^s, 

i..  .*:  -»".::•:  s>>:.vert  the  heat  contained  in  some  sulwtaiic^  e  into 

^.'■'k       A:  :1-.:    :  resent  time  the  steam  engine  is  the  most    :i^lpo^ 

W":::  .  .  f  i^^xxi  size  and  properly  designed  and  run,  i 

.:.  .1    .*  Ar.y  oi'.or  ht-at  engine,  and  it  can  be  more 

',.:\i  ^".i  r:\r.;..i:ed.     We  shall  consider  fii-st  the  theore 

tbe 


.A 


■*  ^ 


t  is  as 

easily 
icallv 


"s  ::.<■:  j"r.^.v.o  a..:  then  the  moil  irtc«it  ion  >  that  go  to  make  i.^^P 


.'i  .»  V  . 


^ s 


Y\.    \\\        ■  .  .■'.  V  *  u  '  --    l"^^.:-  •'■'^  -'^  suppi^sed  to  receive  heat  fi*on' 
::^'  Cv -'^^  ■   *   ■    ''   ^  ■■•'^-•' "   t' TV. :h!\i: lire  r^  until  CimimunicaiiDU  i:5 
:..-...,.-.,-,-;     ;    \\       r'o  Wvvkinir  sulvstance  expands  to  C  without 
Ivs::-.:  ov  _  i/.r.j  ;r  >   "  t\.:  t'.vti  extonial  sources  until  the  tempcr- 
iif'.vc  -I  til    :vtvi:^o'.u:or  :>  ve.uhcd.     The  engine  n»»w  rejects  hciit 
lit  l':.o  ..^:i<:a::t   re:n:v:\i:^::e    I.,  of  iho  i-efrifiremtor  and  then  com^ 
nivs<-.  s  :he  \\-^vki:ii:  >  :b<^l!^  ♦*  witlio;::  los^  or  gain  in  the  quantitr" 
of  htMt  until  il:^'  :»  -i-.'^vrituTv  ot'  t'n'  heal  generator  is  reached* 
These  are  ideal  vmi'iitions,  and.  if  filtilled,  the  efficiency  of  tli€^ 
i)erfect  euLriiie  will  dej>enil  only  on  the  ditYerence  between  the  tern- 
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perature  at  which  heat  is  received  and  rejected,  or,  in  other  words, 
it  depends  only  upon  the  difference  in  temperature  between  the 
generator  and  the  refrigerator. 

If  T|  =  absolute  temperature  of  heat  received  and 

Tg  =  absolute  temperature  of  heat  rejected,  then  the  ther- 
ma.1  eflBciency,  E,  of  the  engine  will  be  represented  by  the  formula, 

T    T 

E  =  Jla Ll 

Or,  in  other  words,  the  efficiency  equals  the  absolute  temper- 
1.1  x-e  of  the  heat  rejected,  subti-acted  from  the  absolute  temperature 
"the  heat  received,  and  the  remainder  divided  by  the  absolute 
perature  of  the  heat  received. 

Suppose   an  engine  is  supplied  with  steam    at   120  pounds 
olute   pressure,  and  the  exhaust    is  at   atnGOspheric  pressure. 
l:iat  is  the  thermal  efficiency  ? 

The  absolute  temperature  corresponding  to  120  poimds  pres- 
ide is  341.05  +  461  =  802.05°,  and  the  absolute  temperature  of 
exhaust  is  212  +  461  ==  673^ 

.p,  ,,        802.05  —  673  ^a        ^a 

1  hen         h  = ■=  .16,  or  Jo  T)er  cent. 

802.05  .    '  ^ 

In  actual  engines  this  efficiency  cannot  be  realized,  because 

^  difference  between  the  heat  received  and  tlie  liejit  rejected  is 

^^  ^11  converted  into  useful  work.    Part  of  it  is  lost  by  radiation, 

'^dviction,  condensation,   leakage   and   imperfect  action  of   the 

"^^S^-l  Milt. 

^^"^s.     The  cylinder  walls  of  the  theoretical  engine  are  supposed 

■>e   made   of   a  nonconducting  material,   while  in    the   actual 

S^^tie  the  walls  are  of  metal,  which  admits  of  a  ready  interchange 

heat   between  cylinder  and  steam.     This  action  of  the  walls 

,    ^tiot  be  overcome,  and  is  so  important  that  a  failure  to  consider 

^   influence  will  lead  to  serious  errors  in  computations,  and  no 

^^ign  can  be  made  intelligently  if  based  on  the  theory  of  the 

Sitie  with  nonconducting  walls.     The  theoretical  engine  carries 

^  its  expansion  without  the  loss  of  any  heat,  while  in  the  actual 

^Siiie  a  large  amount  of  heat  is  lost  by  radiation.     There  is  also 

Considerable  loss  of  pressure  between  tlie  boiler  and  engine,  due 

^  Resistance  of  flow  through  pipes  and  passages.     In  a  slow-speed 

^^giue  with  large  and  direct  ports  and  valves  this  trouble  may  be 
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'  .-  '.'.-:  :■.:'.  :.-'.  ■  :::'.lr::*er  pressure. 
:.  :  --^"'T-  :':.•--  f::;!  It-nirili  of  the 
..V  :  .*>:  h"  nlle-l  '.vi::i  steam,  which 
r    :i.roretic;*^    and  actual   cards   are 


IJJ  JCIKNCY  OF  THE  ACTUAL  ENGINE. 

\V«-  \\:i;t-  -ftu  tli.it  The  efficiency  of  the  theoretical  engine  is 
|iiin-ly  :i  tluTMial  rrjii.si'hMatiori  ;  the  efficiency  of  the  actual  engine. 
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owever,  is  a  mechanical  matter.     The  measure  of  the  activity  of 

ork  is   the  horse-power  which  corresponds  to  the  development 

[  33,000  foot-pounds  per  minute.    As  778  foot-pounds  are  equiv- 

ient  to  one  B.  T.  U.,  33,000  foot-pounds,  or  one  horse-power,  is 

juivalent  to  33,000  ~  778  =  42.42  B.  T.  U.     Now  if  a  certain 

igine  uses  84.84  B.  T.  U.  per  horse-power  per  minute,  it  is  evi- 

ent  that  its  efficiency  would  only  be  ^  or  50  per  cent,  because 

2.42  -7-  84.84  =  | .      Hence  we  may  say  that  the  efficiency  of 

42  42 
le  actual  engine  is  equal  to ^^ .  This 

B.  T.  U.  per  H.  P.  per  minute 
SBciency  is  always  much  less  than  that  of  the  perfect  engine, 
.et  us  now  discuss  the  effects  of  some  of  the  losses. 

In  the  first  place,  the  metal,  being  a  good  conductor  of  heat, 
ecomes  heated  by  the  steam  within  and  transmits  this  heat  by 
induction  and  radiation  to  the  air  or  external  bodies.  With  the 
ylinder  well  lagged  much  less  heat  is  lost  by  radiation.  If  the 
kgging  were  perfect  and  the  temperature  of  the  cylinder  remained 
le  same  as  the  temperature  of  the  steam  throughout  the  stroke, 
aere  would  be  no  loss  by  radiation,  but  we  should  still  lose  heat 
y  conduction  to  the  different  parts  of  the  engine. 

During  expansion,  the  temperature  and  pressure  of  the  steam 
ecrease  as  the  volume  increases,  and  the  temperature  at  exhaust 
I  much  less  than  the  temperature  at  admission.  In  the  perfect 
Qgrine  the  working  substance  after  exhaust  is  compressed  to  the 
smperature  at  admission,  but  in  the  actual  engine  much  of  this 
team  is  lost  and  the  compression  of  a  part  of  it  is  incomplete,  so 
hat  its  temperature  is  less  than  the  temperature  at  admission. 

Suppose  an  engine  is  running  with  admission  at  100  pounds 
bsolute  and  exhaust  at  18  pounds  absolute.  Then  from  steam 
ables  we  find  the  temperature  at  admission  to  be  327.6°,  and  at 
xhaust  222.4°.  The  metal  walls  of  the  cylinder,  being  good  con- 
luctors  and  radiators  of  heat,  are  cooled  by  the  low  temperature 
•f  exhaust,  so  that  the  entering  steam  comes  through  ports  and  into 
,  cylinder  that  is  more  than  100°  cooler  than  the  steam.  This 
neans  that  heat  must  flow  from  steam  to  metal  until  both  are  of 
he  same  temperature.  This  causes  the  steam  to  give  up  part  of 
ts  latent  heat,  and  as  saturated  steam  cannot  lose  any  of  its  heat 
Krithout  condensation,  we  find  the  cylinder  walls  covered  with  a 
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film  of  moisture  known  as  initial  condensation.  This  conden- 
sation in  simple  iinjacketed  engines  working  under  fair  conditions 
may  easily  be  25  jM»r  cent  or  more  of  the  entering  steam.  Tlie 
moisture  in  the  cylinder  has  of  course  the  same  temperature  as 
the  steam ;  it  has  simply  lost  its  heat  of  vaporization. 

Although  metal  is  a  good  conductor  of  heat  it  cannot  give 
up  nor  absorb  heat  instantly  ;  consequently  during  expansion 
the  temperature  of  the  steam  falls  more  rapidly  than  that  of  the 
cylinder.  This  allows  heat  to  flow  from  the  cylinder  walls  to 
the  moisture  on  tliem.  As  fiist  as  the  steam  expands  so  that  the 
[pressure  in  the  cylinder  becomes  less,  this  condensation  will  begin 
to  evaporate.  As  the  pressure  falls  it  requires  less  and  less  heat 
to  fi>rm  steam,  and  then^fore  more  and  more  of  this  moisture  will 
W  evaiH^ratiHl.  At  release  the  pressure  drops  suddenly,  and  more 
heat  at  once  flows  from  the  cylinder  walls,  and  re-evaporation  con- 
tinues througluuit  the  exhaust.  Prob;\bly  all  of  the  water  remain- 
ing ill  the  cyliniler  at  release  is  now  re-evaporated,  blows  out  into 
the  air  or  the  condeiistT,  and  is  lost  so  far  as  useful  work  w 
oonoonuHl. 

The  steam  that  is  tii*st  condensed  in  'the  cylinder  does  ^^ 
wmk:  its  Iumi   is  usod  lo  warm  up  the  cylinder,  and  later,  W^^^^ 
it  is  riM^vaporUnl,  it  works  only  during  a  part  of  the  expan^^^^ 
and  at  a  rothiv  nl  oiVuionoy,  Ik^'ause  it  is  re-evaporated  at  a  ^^^^ 
sure   aiid  oon<r»iuonil^v  at  a  ti'niporature  very  much  lower  I:  ^^*^ 
that  of  adnus>ioi!.     If  the  cut-i>tY  is  short,  perhaps  20  per  cen  ^  ^ 
the  su\un  ooiulensed  may  be  ro-ovaporated  during  expansion ;  if      ^^ 
cui-otY  is  loiiLT,  10  per  cent  may  be  reH?vaporated,  the  rest  remair  "^^^o 
in  the  I'viinvKr  at  rcUase  still  in    the  form  of  moisture.     T      '^^^ 
some    oi    the    enwuinix    st^am     passes     throuorh    the    cylinder""'^ 
nu>istnre,   until  afier  eut-v>lY,  and  still  more  passes  clear  thrO"     ^^ 
without  doiuiT  anv  work  at  alh 

Su[»j>ose  an  euLiine  is  using  30  ]>ounds  of  steam  per  hc^^^^^ 


power  [>er  hour  and  admission  is  at   100  pounds  absolute,      ^i'' 
hitent   heat   oi  va[>ori/.ation  at  this  pressure  is  884  B.  T.  U.        P^*^ 
pound.      If   the  eondensaiion  amotuits  to  33 J^  per  cent,  ther^-    ^ 
pounds  are  condensed  and  we  lose  10   times  884,  equals  S-i-  ^"^ 
H.  T.  V,  per  hour,  or  147.>  per  minute ;  and  since  42.42  B.  T"  -  ^- 
represents    1  hi>i^e-power,  we  shall    lose   by  condensation  l-*'**^ 
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di\rided  by  42.42,  equals  3J-  horse-power  (nearly).  If  the  cut-ofif  is 
shortened,  the  condensation  .increases  and  may  amount  to  50  per 
cent  at  very  short   cut-off.     Of  course  we  use  veiy  much  less 
st/^am  at   short  cut-off  than  with  long  cut-off,  and  doubtless  in 
-ny  cases  50  per  cent  of  the  steam  at  short  cut-off  is  not  as 
an  absolute  quantity  as  30  per  cent  At  long  cut-off.     Never- 
"th^ess,  in  all  cases  it  is  the  percentages  that  go  to  make  up  the 
iciency. 

In  addition  to  the  actual  loss  from  condensation  in  the  cylinder 
ere  is  still  another  loss  due  to  the  re-evaporation.  Suppose,  as 
fore,  that  10  pounds  of  steam  are  condensed  in  the  cylinder, 
^d  that  20  percent  of  this  is  re-evaporated  during  expansion. 
j£^liis  will  leave  8  pounds  to  be  re-evaporated  during  exhaust, 
appose  the  exhaust  is  at  3  pounds  above  atmospheric  pressure, 
18  pounds  absolute  (about).  Then  the  heat  of  vaporization  is 
^^8.6  B.  T.  U.  per  pound  of  steam,  and  it  will  require  8  times 
^^8,6,  which  equals  7668.0  B.  T.  U.,  to  evaporate  the  8  pounds. 
^11  of  this  heat  is  taken  from  the  cylinder,  leaving  the  engine 
^*^Ucli  cooler  than  it  would  be  were  it  not  for  tliis  re-evaporation. 
-■^  his  gives  some  idea  of  the  great  amount  of  heat  passing  away  at 
^^Ixiiust,  which  is  known  as  the  exhaust  waste. 

In  all  cylinders  it  is  necessary  to  liave  a  little  space  between 

*^^  cylinder  cover  and  the  piston  when  at  the  end  of  the  stroke. 

'^   V'ertical  engines  the  space  is  greater  at  the  bottom  than  at  the 

^^I>*      The  volume  of  this  space,  together  with  the  volume  of  the 

^^^TO  ports,  is  called  the  clearance.     It  varies  from  1  to  20  per 

^^"t,  depending  upon  the  type  and  speed  of  tlie  engine ;  tlie  higher 

^^    speed,  the  greater  the  clearance.     This  clearance  space  must 

^    "filled  with  steam  before  the  piston  receives  full  pressure,  but 

^*s  steam  does  no  work  except  in  expanding,  and  the  volume  of 

*^^  clearance  offers  cadditional  surface  for  condensation. 

Another  important  loss  is  that  due  to  friction.     We  know  that 

^  "takes  considerable  power  to  move  an  unloaded  engine ;  if  fitted 

^^i^th  a  pLiin,  unbalanced  slide  valve,  the  power  necessary  to  move 

^*^^  valve  alone  is  considerable.     The  piston  is  made  steam  tight 

^y  packing  rings,  and  leakage  around  the  piston  rod  is  prevented 

^y  stuffing  boxes.    All  these  devices  cause  friction  as  well  as  wear 

^^  the  joints.     The  amount  of  power  wasted  in  friction  varies 
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greatly,  depending  upon  the  kind  of  valves^  general  workman- 
ship, state  of  repair  and  lubrication. 

MULTIPLE  EXPANSION. 

Two  engines  may  be  used  together  on  the  same  shaft,  partly 
expanding  the  steam  in  one  of  the  cylinders,  and  then  passing  it 
over  to  the  other  to  finish  the  expansion.  One  advantage  from 
this  arrangement  is  that  the  parts  can  be  made  lighter.  The  high- 
pressure  cylinder  can  be  of  much  less  diameter  than  would  be 
possible  if  the  entire  expansion  were  to  take  place  in  one  cylinder. 
This,  of  course,  makes  the  pressure  exerted  on  the  piston  rod 
much  less,  and  the  piston  rod  and  connecting  rod  can  thus  be 
made  much  lighter.  The  low-pressure  cylinder  must  be  larger 
than  it  otherwise  would  be,  but  its  parts  need  not  be  much  heavier, 
because  the  pressure  per  square  inch  is  always  low. 

This  arrangement  gives  not  only  the  advantage  of  lighter 
parts,  but  a  decided  increase  of  economy  over  the  single  cylinder 
type.  If  attention  is  given  to  the  matter,  a  loss  of  economy  would 
be  expected,  because  the  steam  is  exposed  to  a  much  larger  surface 
through  which  to  lose  heat,  but  the  gain  comes  from  another 
source,  and  is  sufficient  to  entirely  counterbalance  the  effect  of 
a  larger  cylinder  surface. 

When  very  high  pressure  steam  and  a  great  ratio  of  expan- 
sion is  used,  the  difference  between  the  temperature  of  the  enter- 
ing and  that  of  the  exhaust  steam  is  great.  For  instance,  suppose 
steam  at  160  pounds  (gage)  pressure  entei-s  the  cylinder  and  the 
exliaust  pressure  is  2  pounds  (gage),  the  difference  in  tempei*ature 
is,  from  steam  tables, 

370.5°  — 218.5°  =152°. 

This  difference  becomes  nearly  230°  if  the  steam  is  con- 
densed to  about  three  pounds  al)solute  pressure.  The  cylinder  and 
ports  of  the  engine  are  cooled  to  the  low  temperature  of  the 
exhaust  steam,  and,  as  we  have  seen,  a  considerable  quantity 
of  the  entering  steam  is  condensed  to  give  up  heat  enough  to 
raise  the  temperature  of  the  cylinder  to  that  of  the  entering 
steam.  As  the  ratio  of  expansion  increases,  the  difference  in 
temperature  increases,  and  consequently  the  amount  of  steam 
thus  condensed  also  increases.     To  keep  this  initial  condensation 
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is  small  as  possible  we  must  limit  the  temperature,  that  is,  we 
[uust  not  have  as  great  a  difference  between  admission  and 
exhaust.  To  do  this  we  must  divide  the  expansion  between  two 
3r  more  cylinders. 

It  will  be  remembered  that  the  great  trouble  Watt  found  with 
Newcomen's  engine  was  its  great  amount  of  condensation,  and  he 
stated  as  the  law  which  all  engines  should  try  to  approach,  "  that 
the  cylinder  should  be  kept  as  hot  as  the  steam  which  entera  it." 
This  is  to  avoid  condensation  when  steam  first  comes  in.  If, 
instead  of  expanding  the  steam  in  one  cylinder,  we  expand  it 
partly  in  one  and  then  finish  the  expansion  in  another,  we  shall 
have  passed  it  out  of  the  first  cylinder  before  its  temperature  falls 
a  great  deal,  and  consequently  the  cylinder  walls  will  be  hotter 
than  they  would  be  if  we  had  expanded  it  entirely  in  one  cylinder. 
This  would  then  reduce  the  amount  of  steam  condensed.  The 
importance  of  this  may  not  be  evident  at  first,  but  it  makes  a 
great  difference  in  the  economy  of  the  engine.  If  there  is  less 
condensation,  there  will  be  less  moisture  to  re-evaporate,  and  con- 
sequently less  exhaust  waste ;  hence  we  shall  save  in  two  ways  at 
the  same  time. 

In  a  compound  engine  we  admit  the  steam  first  to  the  smaller 
or  high-pressure  cylinder,  and  exhaust  it  to  the  larger  or  low- 
pressure. 

Suppose  steam  at  160  pounds  (gage)  pressure  is  admitted 
to  a  cylinder,  and  the  ratio  of  expansion  is  such  that  the  steam 
is  exhausted  at  about  60  pounds  (gSLge)  pressure ;  then  the  dif- 
ference of  temperatui-e  is 

870.6**  — 807**  =  63.5^ 

If,  now,  the  steam  when  exhausted  from  the  first  cylinder 
enters  a  second  and  is  allowed  to  complete  its  expansion,  so  that 
the  exhaust  pressure  is  about  two  pounds  (gage)  pressure,  the 
difference  of  temperature  in  this  cylinder  will  be 

807**  — 218.6^  =  88.5^ 

Then  for  the  single  engine,  if  the  exhaust  pressure  is  two 
pounds  (gage),  the  difference  of  temperature  is  152®,  while  in 
the  compound  engine  this  difference  is  divided  into  two  parts, 
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be  low. 

Mecluiuiciilly  there  is  a  decided  advantage  ;  the  seyeral  cran- 
ive  a  more  even  turning  moment,  and  the  distribution  of  wo 
etween  two  or  more  cylinders  makes  it  possible  to  use  light>^ 
ddividual  parts ;  but  there  is  a  disadvantage  in  having  more 
0  look  after,  and  a  greater  first  cost  of  the  engine. 
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Engines  having  two  or  more  cylinders  are  arranged  in  various 

w^ajB,  but  only  the  most  common  methods  will  be  shown  here. 

«Por  two-cylinder  compound  engines  the  cylinders  are  often  placed 

tandem,  as  shown  in  Fig.  5.     This  has  the  advantage  of  having 

l>ut  one  crank,  connecting  rod  and  crosshead,  but  it  has  the  dis- 

^•'dvantage  of  dead  points.     In  other  words,  the  turning  moment 

^^n  the  shaft  is  no  more  uniform  than  for  a  simple  engine.     When 

^^e  cylinders  are  placed  side  by  side  and  the  cranks  are  at  right 


u 


LOI^ 


a 


/ 
I 
\ 


/ 


V 


\ 


/g// 


/ 


Fig.  7. 


^^gles,  as  shown  in  Fig.  6,  the  low-pressure  cylinder  cannot  re- 

^^ive  the  exhaust  steam  directly  from  the  high-pressure  cylinder; 

Consequently  a  receiver  must  be  used.     In  this  case  the  advantage 

^  due  to  the  even  turning  moment,  and  the  disadvantage  is  from 

the  cost  of  receiver,  extra  crosshead,  crank  and  connecting  rod. 

Xb  many  instances,   as   electric   lighting,  marine  work,  etc.,  the 

advantage  of  the  more  nearly  constant  force  acting  on  the  shaft  is 

Worth  faf  more  than  the  extra  first  cost.     The  same  may  be  said 
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of  triple  and  quadruple  expansion  engines.  (See  Fig.  7.)  Each 
type  of  engine  has  its  special  service,  and  what  is  suitable  in 
cue  case  may  not  be  serviceable  in  another.  Fig.  8  shows  the 
diagram  of  a  quadruple  expansion  engine,  which  is  more  commonlj 
used  in  marine  work. 

JACKETING. 

Another  method  of  reducing  the  loss  due  to  cylinder  conden- 
sation is  to  supply  heat  to  the  steam  while  it  is  in  the  cylinder. 
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Fig.  8. 


This  is  done  by  surrounding  the  cylinder  with  an  iron  casting  and 
allowing  live  steam  to  circulate  in  the  annular  space  thus  formed. 
T]ie  cylinder  covers  are  also  made  hollow  to  permit  a  circulation 
of  live  steam.  A  cylinder  having  the  annular  space  (A,  Fig.  9) 
filled  \vith  steam  is  said  to  be  jacketed.  A  liner,  L,  is  often  used 
in  jacketed  cylinders. 
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The  function  of  the  jacket  is  to  supply  heat  to  the  cylinder 
■vvslls,  to  make  up  for  that  abstracted  during  expansion  and  ex- 
b3.uBt,80  that  at  admission  the  cylinder  vill  be  as  hot  asposaible. 
The  result  is,  that  the  difference  in  temperature  between  the  cyl- 
inder walls  and  the  entering  steam  is  considerably  less  than  in 
^ngpnes  where  no  jacket  ia  used.  Condensation  is  therefore  re- 
placed, and  since  heat  flows  from  the  Jacket  to  the  cylinder  during 
^:^paQsion,  a  much  larger  amount  of  this  condensation  is  re-evapo- 
xsttcd  before  release  and  it  thus  has  a  chance  to  do  some  work  in 
't.lie  cylinder.  This  leaves  a  comparatively  small  amount  of  exhaust 
■ste,  and  the  heat  thus  abstracted  is  made  good  from  the  steam 


.        tlie  jacket.     Since  a  large  amount  of  heat  is  given  up  by  the 
J^<2lcet  steam  a  good  deal  of  it  must  he  condensed.     Thus  the  ques- 
*^*»  is  asked :   "^  What  is  the  advantage  of  this  method  over  that 
*   allowing  the  entering  steam  to  supply  the  heat  by  its  own  con- 
^*ieation?  "     This  question  ia  answered  briefly  as  follows  : 
'  .  The  loss  of  beat  by  condensing  the  steam  would  be  less  if  the 

**slde  of  the  cylinder  could  be  kept  dry.  We  have  seen  how  the 
"'oifitnre  that  collects  by  condensation  is  re-evaporated  during  ex- 
^•^^ision  and  exhaust,  because  the  pressure  falls  and  the  cylinder  walls 
*^e  hotter  than  the  steam.     This  re-evaporation  takes  place  at  the 


32  THE     STEAM     ENGINE. 

expense  of  the  heat  in  the  cylinder  walls,  and  they  are  thus  cooled^  - 
We  have  ivlready  seen  that  a  great  many  B.  T.  U.'s  are  thus  tskcimri 
from  the  cylinder  and  thrown  out  at  exhaust  at  eveiy  stroke — 
Now  if  we  can  keep  the  inside  diy,  so  that  there  will  be  little  ov^m 
no  re-evaporation  at  exhaust,  we  shall  make  a  considerable  saving.  — 
The  steam  that  condenses  in  the  jacket  does  not  re-evapoi'ate  ;  it  is^ 
returned  to  the  boiler  as  feed  water,  so  that  the  only  heat  lost  is  the  ^ 
latent  heat  given  up  during  condensation.  If  the  cylinder  is  -s 
heated  from  within,  both  the  latent  heat  given  up  by  condensation  i 
and  the  latent  heat  required  for  re-evaporation  are  lost. 

In  a  triple  expansion  engine  there  is  one  distinct  advantage  - 
in  allowing  condensation  in  the  cylinder,  for  this  moisture  acts  as 
a  lubricant,  and  as  the  heat  of  re-evaporation  passes  into  the  next 
cylinder  and  there  does  work,  there  is  very  little  loss.  In  many 
marine  engines  there  aie  no  means  of  lubricating  the  cylinders  at 
all,  the  engineers  depending  entirely  upon  the  condensation. 

SUPERHEATED  STEAH. 

We  have  already  learned  that  superheated  steam  containft* 
more  heat  than  is  necessary  to  keep  it  in  the  form  of  steam,  and 
that  consequently  it  can  part  with  some  of  that  heat  without  con- 
densing. 

Su])p(>se  this  sii])erlieated  steam  is  admitted  to  the  cylinder  of 
an  engine.  We  know  that  the  cylinder  walls  would  be  comparatively 
cool,  as  tliey  were  in  contact  with  the  exhaust  steam  and  were  still 
further  cockled  l)y  the  re-evaporation  of  water  which  was  condensed 
on  them  at  tlie  previous  admission  of  steam.  Heat  must  flow  from 
the  steam  to  the  walls  until  they  are  as  hot  as  the  steam.  If  the 
steam  were  merely  saturated,  as  is  usually  the  case,  some  of  it 
would  be  condensed  in  order  to  supply  this  heat  to  the  walls. 
But  in  the  ease  of  the  superheated  steam  we  know  heat  was  given 
to  it  beyond  that  necessary  simply  to  make  saturated  steam,  so  that 
it  can  give  up  some  heat  to  the  walls  before  it  begins  to  condense. 

Thus  the  amount  of  initial  condensation  is  materially  reduced, 
and  consequently  thcMC  will  be  less  cooling  of  the  cylinder  walls 
by  the  rcvevaporation of  this  condensation;  therefore  the  walls  will 
be  hotter  at  the  next  admission,  and  it  will  require  less  heat  to 
raise  them  to  the  temperature  of  the  incoming  steam. 
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Besides  the  saving  in  the  engine  there  is  a  considemble  gain 
to  the  increased  efficiency  of  the  boiler,  for  by  superheating, 
p>3rt  of  the  heat  in  the  waste  gases  is  utilized.  If  a  boiler  primes 
r  is  so  constructed  that  it  does  not  furnish  dry  steam,  the  gain 
superheating  will  be  most  marked.  If  there  is  moisture  in 
steam  and  this  passes  over  into  the  engine,  the  heat  that  it 
cioxitains  is  entirely  wasted,  and  the  re-evaporation  of  this  addi- 
tional moisture  during  exhaust  causes  the  cylinder  walls  to  cool 
still  further. 
Suppose  we  have  steam  in  a  boiler  at  60  pounds  pressure  by 
gage.  Its  temperature  ^vill  be  about  307°  F.  If  this  steam 
leaves  the  boiler  by  a  pipe  which  passes  through  a  furnace  or 
^liimney  where  the  temperature  is  greater  than  307°,  it  will  become 
^^eated  as  it  passes  through.  The  pressure  will,  howevei*,  be  the 
same,  for  it  is  still  in  communication  with  the  boiler.  This  is 
^tually  the  way  in  which  steam  is  superheated  in  practical 
^ork. 

One  great  difficulty  in  superheating  is  that  the  superheater, 

^hich  is  usually  placed  in  the  uptake,  is  subjected  to  a  very  high 

^^tnperature  and  there  is  great  danger  of  its  burning  out.     The 

P^tes  of  a  boiler  are  not  likely  to  be  damaged  by  the  intense  heat 

^*   the  furnace,  because  the  water  by  its  good  conducting  power 

P^^Vents  their  becoming  overheated.     But  steam  is  a  poor  con- 

^^ctor  of  heat,  and  although  the  supeihcater  is  placed  in  the  up- 

^ke  or  chimney,  where  the  heat  is  not  as  intense,  they  nevertheless 

^^Use  a  great  deal  of  trouble. 

Superheating   is    efficient   if   low   pressure  is    used,  that  is, 

'a.m  at  about  50  pounds  pressure  ;  but  if  saturated  steam  is  at 

^   ^O  to  200  pounds  pressure,  the  temperature  is  high.     If  more  heat 

^   tilien  added,  the  temperature  becomes  such  that  lubricants  are 

^^Oomposed.     In  such  cases  the  piston  and  valve,  not  being  lu- 

^^Oated,  cut    into  the    cylinder  walls  and    the  valve  seat,  thus 

,^^^sing  leaks  ai^d  requiring  excessive  power  to  move  the  engine. 

*^e  packing  in  the  stuffing  boxes,  unless  metallic,  is  injured  and 

^^^ses  considerable  trouble.     In  case  high-pressure  steam  is  used 

^^  superheating  must  be  slight,  often  so  slight  as  not  to  be  worth 

^^^  trouble  and  expense. 
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CONDENSERS. 

In  our  study  of  the  theoretical  engine  on  page  20,  we  learned 
that  to  meet  the  ideal  conditions  and  to  attain  the  maximum 
efficiency,  steam  must  enter  the  engine  at  the  constant  tem- 
perature of  the  heat  generator  (or  boiler)  and  must  leave  the 
engine  at  the  constant  tempei-ature  of  the  refrigerator  (or  con- 
denser). We  have  also  learned  that  the  difference  between  the 
temperature  of  admission  and  exhaust  is  a  measure  of  the  thermal 
efficiency.  In  Part  I  of  "  The  Steam  Engine,"  Watt's  principle 
was  stated,  namely,  that  "  when  steam  was  condensed  it  should  be 
cooled  to  as  low  a  temperature  as  possible."  In  our  discussion  of 
saturated  vapors  we  also  learned  that  the  temperature  varied  with 
the  pressure,  and  consequently  to  cool  the  condensed  steam  to  as 
low  a  temperature  as  possible  simply  means  to  condense  the  steam 
to  as  low  a  pressure  as  possible. 

In  the  ordinary  noncondensing  engine,  steam  cannot  be  c^' 
panded  below  a  pressure  of  14.7  pounds,  because  the  atmospb^^^ 
exerts  that  pressure  at  the  opening  of  the  exhaust  pipe.     In  £^^ 
this  14.7  pounds  is  only  the  theoretical  limit,  and  in  practice    ^® 
exhaust  is  always  a  little  above  this  because  of  resistance  in     '*'"® 
exhaust  ports  and  exhaust  pipe;  17  or  even  18  pounds  back  j>^^ 
sure  is  more  nearly  the  conditions  of  actual  service. 

During  the  forward  stroke,  steam  expands  from  the  pres^  ^^® 
at  admission  to  a  much  lower  pressure  at  release  ;  then  the  \^^^^^ 
opens  for  the  return  stroke  and  on  one  side  of  the  piston  ther  ^^  ^^ 
full  steam  pressure,  and  on  the  other  side  the  pressure  of  exha^^*^^^* 
which  acts  against  the  piston  and  against  the  force  of  the  ine       ^^* 
ing  steam.     If  all  of  this  back  pressure  could  be  removed  so  ^^hat 
there  would  \ye  a  vacuum  on  the  exhaust  side  of  the  piston,         ^^^^ 
power  of  the  engine  would  be  increased  by  just  so  many  poi^^tJids 
of  M.  E.  P.,  and  in  addition  to  this  the  steam  could  expand  ^^^  ^ 
very  much    lower    pressure    and    therefore    work   with  gre^^^^^ 
economy. 

One  pound  of  steam  at  17  pounds  absolute  pressure  occu  -%)i^ 
23.22  cubic  feet  of  space  in   the  cylinder  of  the  engine,  but     ^^^ 
pound  of  water  in  the  condenser  occupies  only  about  0.016  cdW^ 
foot,    which  makes  the    steam    occupy    nearly    1,450    time*    ^ 
much  space  as  the    water    into    which  it   condenses.      If,  then, 
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exhaust  steam  could  be  condensed  instantly,  the  back  pressure 
^^v-onld  be  reduced  almost  to  zero  and  the  engine  would  exhaust 
itito  a  vacuum. 

We  know  that  a  certain  amount  of  heat  is  required  to  change 
one  pound  of  water  at  a  given  temperature  into  steam  at  the  same 
ti^xxiperature ;  this  is  called  the  latent  heat,  or  heat  of  vaporiza- 
t^ion.  If  the  steam  condenses,  it  must  give  up  this  latent  heat. 
The  easiest  way  of  doing  this  is  to  let  the  steam  mingle  with  a 
sp^ray  of  water,  as  in  the  jet  condenser,  or  come  in  contact  with 
pipes  through  which  cold  water  is  circulated,  as  in  the  surface  con- 
denser. These  two  forms  of  condenser  are  fully  described  in  Part 
I  &nd  will  not  be  further  considered  here. 

Unfortunately  the  mere  condensation  of   the  steam  will   not 
gfi^e  a  perfect  vacuum,  because  more  or  less  air,  which  is  always  in 
t;lie  water,  comes  over  from  the  boiler  and  thus  gets  into  the  con- 
denser.    Moreover,  the  condensed  water  is  hot,  and  a  vapor  rises 
firom  it  in  the  condensing  chamber ;  this,  together  with  the  air  and 
some  leakage,  would  spoil  the  vacuum  were  it  not  for  the  air  pump, 
^^v-liich  removes  the  air  and  condensed  steam.     With  the  best  air 
pump  it  would  be  impossible  to  maintain  a  perfect  'vacuum,  but  a 
'^^^^uum  of  20  inches,  which  coiTCsponds  to  about  2  pounds  abso- 
lute pressure,  can  readily  be  maintained  in  good  practice. 

Advantages  of  Condensing,  It  has  already  been  stated  that 
^l^ere  is  a  gain  in  thermal  efficiency  by  running  an  engine  con- 
^©nsing,  but  it  will  be  more  clearly  seen  by  considering  a  few 
^&Ures.    The  thermal  efficiency  may  be  expressed  by  the  formula : 

T    T 

E  =  Ll tl. 

^\ 

This  efficiency  may  be  increased  by  making  Tj  larger,  which 

^Uld  happen  if  the  boiler  pressure  were  increased,  or  by  making 

"^  2  smaller,  which  would  result  from  reducing  the  back  pressure 

y  Condensing.  If  the  boiler  pressure  is  raised,  both  the  numerator 
^^d  denominator  of  the  fraction  will  increase,  and  the  value  of  the 
^^ction  will  be  but  slightly  greater.  If,  however,  the  back  pres- 
^^^  is  reduced,  the  numerator,  Tj  —  Tg,  will  be  larger,  while  the 
^^Hominator,  Tj,  will  remain  the  same.  It  is  apparent  that  this 
^^1  cause  a  much  greater  increase  in  efficiency  than  raising  the 

^iler  pressure  a  like  amoimt. 
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Suppose  an  engine  is  supplied  with  steam  at  85.3  pouisnds 
(gage)  pressure  and  it  exhausts  at  3.3  pounds  (gage)  presss-iare. 
The  absolute  tempeniture  corresponding  to  85.3  -}-  l'^-'^  =  ^^^00 
pounds  pressure  is  327.58  +  461  =  788.58,  and  the  absoM^  ute 
temperature  corresponding  to  3.3  +  14.7  =  18  pounds  press^  lire 
is  222.40  +  461  =  683.40.  Then  the  thermal  efficiency  wilL  be 
from  the  formula: 

T-  — To        788.58  —  683.40        ^oo      -loo  x 

^-1 2  -_.  —  .133  or  13.3  per  cent. 

Tj  788.58  ^ 

If  the  boiler  pressure  were  raised  to  140  pounds  absolute     the 
efficiency  would  be 

813.85  —  683.40         i^       -.^ 
=  .lb  or  lb  per  cent. 

813.85  ^ 

If  instead  of  increasing  the  boiler  pressure  a  condenser*  i^ 
used  and  thereby  the  exhaust  pressure  reduced  to  4  poui"*^* 
(absolute),  the  efficiency  becomes 

788.58  —  614.09        ooi        oo -i 

=r:  .221  =  22.1  per  cent. 

788.58  ^ 

Thus  we  ^e  that  if  we  lower  the  exhaust  pressure  14  pour^^--^^ 
we  get  11  greater  increase  in  efficiency  than  if  the  boiler  press "•-■-  ^^ 
is  raised  40  pounds. 

Another  method  of  showing  the  advantage  by  condensing  "t^  ^^^ 
exhaust  is  bv  the  indicator  card. 

Fig.  10  represents  a  card  from  a  12"  X  20"  engine  making"  ^'^ 
revolutions  with  75  pounds  steam  pressure.  The  dotted  diagi""^"*''" 
represents  a  card  taken  wlien  running  without  a  condenser.  C^  ■  ^^' 
off  occui-s  at  J  the  stroke.  Tlie  M.  E.  P.  is  44.2  pounds.  He  ^^^  ^^ 
the  indicated  horse-power  is  about  37.87. 

The  card  sliown   in  full  line  was  taken  with  the  same  Ic^^*-^* 
same  speed,  and  with  a  condenser  producing  a  vacuum  of  al><^^^ 
26  inches  of  mercury,  which  is  equal  to  about  12.7  pounds.     ^T'^^ 
absolute    pressure  at  exhaust  is  then  14.7  —  12.7  =  2  pouxxu^. 
Since  the  load  is  the  same,  tlie  areas  and  the  M.  E.  P.  must    ^ 
the  same  in  both  cases.     Cut-off  is  found  to  be  only  about  -J-    ^^^ 
stroke.     The  above  engine  without  the  condenser  uses  an  amou^'^ 
of  steam  lepresented  by  the  length  A  G,  while  if  a  condenser  is 
attached  the  steam  used  is  represented  by  the  length  A  C.     Tius 
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see  that  the  amount  of  steam  consumed  per  stroke  is  consider- 
y  less  if  a  condenser  is  used. 

Quantity  of  Water.     Besides  merely  condensing  the  steam  the 
ection  water  cools  it  still  further,  so  that  more  than  merely  the 
'\%%Xjexii  heat  is  removed  from  it.     If  exhaust  steam  enters  the  con- 
denser at  a  temperature  t^^  it  contains  a  certain  amount  of  heat, 
^which  is  the  total  heat  at  that  temperature.     If  it  is  condensed 
sind  cooled  to  a  temperature  t^ ,  at  which  it  leaves  the  condenser,  it 
t^lien  contains  a  certain  amount  of  heat  which  is  the  heat  of  the 
liquid  at  this  temperature  t^ . 


Fig.  10. 

1  If  A  represents  the  total   heat  at  t^,  and  B  represents  the 

^t  of  the  liquid  at  t^^  then  the  heat  given  up  hy  one  pound  ot 

^  ^densed  steam  is  equal  to  (A  —  B)  B.  T.  U.,  provided  the  ex- 
^^!5t  that  enters  the  condenser  is  dry  saturated  steam.  If  C  la 
^^  temperature  of  the  injection  water,  and  D  is  the  temperature  oi 
^^  discharge  water,  then  every  pound  of  cooling  water  absorbs 
^6  B.  T.  U.  for  every  degree  rise  in  temperature ;  or  we  may  say 
^^t  the  heat  absorbed  is  equal  to  (D  —  C)  B.  T.  U.  per  pound  of 
doling  water.     Then  it  will  take  as  many  pounds  of  water  to 

^^orb  (A  —  B)  heat  units  as    (D  —  C)  Ls  contained  times  ir 
vA  —  B).     We  may  express  this  in  terms  of  a  formula  thus: 

D  —  C 
Tn  which  W  =  pounds  of  cooling  water  per  pound  of  steam. 
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For  example:  Suppose  steam  is  expanded  in  an  engine  to  ^ 
pounds  absolute  pressure.      If  the  temperature  of  the  injectio*^ 
water  is  45®,  and  the  condenser  is  of  the  surface  type  with  di^- 
.  charge  water  at  120®,  and  the  temperature  of  the  condensed  steai^ 
is  130®,  how  many  pounds  of  injection  water  are  required  p^^ 
pound  of  steam?  ^ 

By  consulting  the  steam  tables  we  find   the  total  heat  (^ 
steam  at  4  pounds  pressure  to  be  1,128.6  B.  T.  U.     The  hesu 
of  the  liquid  in  the  condensed  steam  at  130®  is  98.1  B.  T.  U.    Thet:::^ 

W  =  ^^^28.6  —  98.1  ^  j3  ,^4    ^^^^ 
120  —  45  ^ 

Suppose  steam  at  6  pounds  absolute  pressure  exhausts  into  a 
jet  condenser.  The  temperature  of  the  injection  water  is  50®  and 
the  discharge  is  120®.  How  many  pounds  of  water  are  necessary 
to  condense  8  pounds  of  steam  ? 

In  the  jet  condenser  the  temperature  of  the  condensed  steam 
and  discharge  water  is  the  same.  We  find  from  the  steam  tables 
that  the  total  heat  of  steam  at  6  pounds  absolute  is  1,133.8 
B.  T.  U.,  and  the  heat  of  the  liquid  in  the  condensed  steam  at 
120®  is  88.1  B.  T.  U.     Then,  as  l)efore, 

W  =  li^S3.8  —  88.1  ^  j^  g^ 
120  —  60 

For  8  pounds  it  will  take  14.94  X  8  =  119.52  pounds. 

The  above  calculation  cannot  be  relied  upon  to  any  great 
extent,  for  we  seldom  know  the  true  conditions  in  tiie  condenser, 
and  it  would  be  of  little  value  to  us  if  we  did  know,  as  the 
exact  conditions  ^^'ill  change  considerably.  In  practice  it  is 
customary  to  allow  for  about  twice  as  much  water  as  the  above 
calculation  would  require.  These  figures  give  us  a  fair  idea  of 
the  necessary  sizes  of  pipes  and  passages  leading  to  the  con- 
denser, and  give  a  biusis  for  estimating  the  dimensions  of  the  air 
pump. 

Cooling  Surface.     The  amount  of  surface  required  to  con- 
dense the  steam  in  surface  condensers  depends  upon  the  efiiciency  ' 
of  the  metal,  the  condition  of  the  tubes,  the  difference  in  tempera — 
tnre  between  the  two  sides  and  their  thickness.     There  have  beeniza 
no  satisfactory  tests  to  determine  the  amount  of  cooling  surfeu>-^ 
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ueviessuiy  for  a  condenser,  and  in  actual  practice  there  seems  to  be 

liwide  diversity  of  opinion.     The  tubes  of  a  condenser  are  much 

tliinner  than  boiler  tubes,  and  much  more  clean,  hence  we  might 

expect  them  to  be  morfe  efficient  in  condensing  the  steam  than  the 

Iwiler  tubes   are   in   evaporating   it.     Boilers   may  evaporate  7 

poundji  or  more  of  steam  per  hour,  per  square  foot  of  heating 

surface.     Seaton,  an  eminent  authority  on  marine  work,  says  that 

^"ith  cooling  water  at  60°  F,  and  the  discharge  at  120°,  a  conden- 

^tion  of  13  pounds  of  steam  per  square  foot  per  hour  is  fair 

dFerage  work.     A  new  condenser  will  of  course  condense  much 

'Dore  than  this.     If  the  exhaust  pressure  is  from  6  pounds  to  10 

pounds  absolute,  an  allowance  of  1.5  to  1.8  square  feet  of  cooling 

**lrfEM5e  may  be  allowed  per  indicated  horse-power,  depending  upon 

^^e  pressure.    This  assumes  that  the  temperatures  of  the  injection 

^nd  discbarge  water  shall  be  60°  and  120°  respectively. 

It  is  evident  that  the  amount  of  surface  will  depend  upon  the 
quantity  of  steam  used  per  hour  by  the  engine,  the  pressure  and 
tenaperature  of  the  exhaust  and  the  temperature  of  the  cooling 
W'afc.ter  and  discharge.  There  must  also  be  an  allowance  for  inef- 
ficiientwork  after  the  condenser  has  become  foulcMl  with  service. 
-fV.  XI  these  conditions  make  the  problem  so  uncertain  that  calcula- 
ti  <  >  lis  by  means  of  fonnuke  are  likely  to  be  untrustworthy,  and  it 
^s  l)ost  at  all  times  to  make  estimates  from  the  fiLCures  given  for 
si^xiiilar  conditions  in  actual  service. 

Measurement  of  Vacicuni.  We  have  seen  that  in  order  to 
"^^^Untain  a  vacuum  in  the  condenser  it  is  necessary  to  pump  out, 
y  Cleans  of  an  air  pump,  the  air  that  leaks  in.  Evidently,  if  we 
'^^'^  to  maintiiin  a  proper  vacuum,  it  is  necessary  to  know  at  all 
^'*R*>j  just  how  much  pressure  thi*re  is  in  the  condenser.  If  the 
^*''*^!Ssiire  increases,  the  air  pump  can  be  run  a  little  faster  mtil 
^^  X^^'^P®^"  vacuum  is  obUiined. 

From  the  study  of  pneumatics  we  know  that  tlie  pressure  of 

^^  iitmospliere  can  be  measured  by  means  of  a  column  of  mercnny. 

^  ^^  atmospheric  pressure  will  support  a  coluum  of  mercury  about 

itiches  high,  wliich  is  equivalent  to  a  pressure  of  14.7  pounds 

'  ^^j\rly).     It  would  be  inconvenient  to  attach  a  mercnry  column 

/    the  condenser  and  so  we  use  a  gage,  in  general  appearance 

^^ilar  to  a  boiler  gage  except  that  the  dial  is  gra<luated  to  read 
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in  inches  of  mercuiy  instead  of  in  pounds  pressure,  and  it  indicates  the 

inches  of  vacuum  below  atmospheric  pressure.    If  the  pointer  of  the 

vacuum  gage  stands  at  20,  it  means  that  the  pressure  is  equal  to  20 

inches  below  atmospheric  pressure.  Since  30  inches  is  equal  to  14.7 

20 
|X>unds,  20  inches  would  be  equal  to  ^  X  14-7  =:  9.8  pounds. 

This  is  9.8  pounds  below  atmosphere,  or  14.7  —  9-8  =  4.9  pouikU 

alM)ve  zero. 

If  the  vacuum  gage  stands  at  26  inches,  what  is  tlie  absolute 

pressure  in  the  condenser? 

26 

^ —  X  14.7  =  12.74  jK)unds  below  atmosphere 

14.7  —  12.74  =  1.96  pounds  absolute  pressure. 

EXAnPLBS  FOR  PRACTICE* 

1.  Steam  eiitora  the  condenser  at  II  pounds  pressure  (abso- 
lute). The  water  enters  at  53°  luid  leaves  at  110°.  The  con- 
densed steam  leaves  at  120°.  If  the  engine  uses  26  pounds  of 
steam  per  hoi'se-power  per  hour  while  running  at  53  horse-power, 
what  would  l)(^  the  theoretical  amount  of  water  used  by  the  con- 
denser and  wii:it  should  he  the  area  oi  cooling  surface  of  the 
condenser?  »         (  KMJ  square  fe<?t. 

^""^^  I  25,479  i)oun(ls. 

2.  Steam  enters  a  jet  condenser  at  16  pounds  absolute  pr*^ 
sure.  The  injection  water  has  a  temperature  of  48°.  If  tne 
temperature  of  tlie  discharge  water  is  115°,  liow  many  pounds  <>^ 
injection  water  are  necessary  i)er  pound  of  steam? 

Ans.   15.89  i)0und8. 

3.  If  the  pointer  of  a  vacuum  gage  stands  at  9,  what  is  tn^ 
approximate  absolute  pressure  in  the  condenser? 

Ans.  10.3  pounds. 

4.  The  iX)inter  of  a  vacuum  gage  which  is  attached  to  a 
condenser  stands  at  23.  What  is  the  approximate  pressure  in  tne 
condenser? 

5.  The  steam  gage  indicates  175  pounds  and  the  vacuum 
gai^e  20  inches  of  mercury.  What  is  the  total  diflference  i" 
pressure  ^ 

Ans.  187.74  [iound^ 
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OTHER   DEVICES. 

Corlisit  Valves.  From  a  thermal  point  of  view  the  advan- 
:^ages  of  the  Corliss  valve  may  be  summed  up  in  a  few  words. 
The  exhaust  valves  are  separate  from  the  admission  valves  and 
lence  the  exhaust  steam  does  not  come  in  contact  with  the  admis- 
lioii  ports.  Thus  the  admission  ports  are  not  cooled  and  there  is 
ess  condensation  in  proportion  to  the  ratio  of  expansion  than  in 
.lie  plain  slide  valve  type  of  engine.  The  short  ports  reduce  the 
rolume  of  clearance  and  thus  save  clearance  steam  and  reduce 
:he  surface  exposed  to  condensation. 

Separator.     We   have   studied   the    loss   of    heat  due   to  re- 

ivaporation  at  exhaust  and  find  that  it  is  considerable.     The  more 

inoisture  there  is  in  the  entering  steam,  the  more  moisture  theie 

will  be  to  re-evaporate  ;  consequently  more  heat  will  be  lost  from 

.he  cylinder.     It  will  at  once  be  seen  that  if  we  can  separate  the 

"Moisture  from  the  entering  steam,  we  shall  keep  considerable  water 

>ut  of  the  cylinder. 

PISTON  SPEED. 

The  total  distance  passed  over  by  the  piston  in  one  minute 

Ls  called  the  piston  speed.     As  the  piston  travels  the  length  of  the 

atroke  twice  for  every  revolution,  the  piston  speed  is  evidently 

squal  to  the  length  of  stroke  multiplied  by  twice  the  number  of 

PLAN 
revolutions.     Theu  in  the  formuLi  for  horse-power,  , 

^  33,000 

N  =r  the  number  of  strokes 
L  X  N  =  the  piston  8[)eed. 

In  case  the  stroke  is  stated  iu  inches,  the  piston  speed  in  feet 

1     Lx  N 

equals     — - — 

^  12 

In  determining  the  allowable  piston  speed,  local  conveniences^ 

fJuraLllIty  and  the  character  of  the  work  to  be  done  should  be 

considered.     Other  things  being  equal,  the  piston  speed  increases 

jfcslightly  with  an  increase  in  the  length  of  stroke. 

Tlie  piston  speeds  in  common  practice  are  Jis  follows : 

Direct  acting  pumping  engines  100  to     150  feet  per  minute 
Small  stationary  engines  300  to     500  feet  per  minute 

Large  stationary  engines  500  to     000  feet  per  minute 

Corliss  engines  400  to     800  feet  per  minute 

Locomotives  700  to  1,200  feet  per  minute 

Marine  engines  750  to  1,000  feet  per  minute 
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RATIO  OF  EXPANSKW. 

The  ratio  of  expunsion  as  usuallv  understood  is  the  piston 
displacement  divided  by  the  volume  of  the  cylinder  to  the  point 
of  eut-ofif.  Thus  if  the  piston  is  10  inches  in  diameter  and  the 
stroke  is  12  inches,  the  piston  displacement  is  102  y^  .7854  X  12 
=  942.48  cubic  inches.  If  cut-off  occurs  at  ^  the  stroke,  or  when 
the  piston  luis  moved  4  inches,  the  volume  to  cut-off  is  10^  X 
.7854  X  -1  =  314.16  cubic  inches,  and  the  ratio  of  expansion  is 
942.48 


314.16 


=z  3.     This  mav  be  stated  thus: 


area  of  cvlinder  X  lencrth  of  stroke  ..       .  , 

—      '       ,  -      ^ =  ratio  of  expaxiBion. 

area  of  cvlinder  X  distance  to  cut-ofit 

Since  the  area  of  the  cylinder  appears  in  both  numerator  an^^ 
denominator,  we  may  cancel  and  write : 

T,   . .       £                            length  of  stroke 
Ratio  of  expansion  =.  P . 

distance  to  cut-off 

If  clearance  is  taken  into  account  the  true  ratio  of  expansion   ^ 
is  different  from  the  apparent  ratio  as  found  above.     The  steam 
whicli  expands  in  the  cylinder  is  not  merely  the  volume  equal  to 
tlie  piston  displacement,  but  is  this  volume  plus  the  volume  of  the 
ch*arance. 

With  a  late  cut-off  and  small  clearance  the  true  mtio  of  ex- 
pansion differs  but  little  fnun  the  apparent.  But  when  the  cut-off 
is  earlv  and  the  clearance  is  lartxe  tliere  is  considerable  difference, 
as  shown  in  Fig.  11. 

In  this  diagram  D  E  represents  the  stroke,  and  is  2^  inches 
long.  D'  D  represents  the  clearance  volume,  wliicli  is  equal  to  | 
the  piston  displacement,  and  is  therefore  .31  inch  long.  Let  cut 
off  occur  at  J  of  the  stroke  :  then  the  apparent  ratio  of  expansion 

1)  E  2^- 

is  equal  to -—  —-'^    =  8.      If  w^e  consider  the  clearance,  the-e 

^         AC       .:;i 

diagram   is  changed,  as   shown   by  the  dotted  lines,  and  the  tru^ 
ratio  of  expansion  is 

ly  E        2.80         .  . 

.         =r =z  4.5. 

A'  C         .62 
Thus  we  see  that  the  ratio  of  expansion  is  not  8  but  4.6. 
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WORK   DONE  IN  THE  CYLINDER. 

The  amount  of  work  done  per  stroke  in  the  engine  cylinder 
is  usually  found  by  means  of  an  indicator.  It  is  often  desirable, 
especially  in  designing  engines,  to  know  the  work  that  may  be 
expected  under  given  conditions  before  the  engine  is  built.  The 
work  done  in  the  cylinder  is  proportional  to  the  mean  effective 
pressure,  so  that  if  we  are  to  determine  the  probable  power  of  our 
engine  we  must  in  some  way  ascertain  the  probable  mean  effective 
pressure.  If  the  initial  pressure,  the  back  pressure  and  the  ratio 
of  expansion  are  known,  we  can  find  the  probable  M.  E.  P.  by 


A'    A 


Fijr.    11 


^^S  of  a  formula.     This  formula  does  not  provide  for  the  losses 
^  to  compression,  clearance,  condensation  and  leakages  so  th;it 
^alue  thus  obtained  must  be  multiplied  by  a  factor  depend in<^ 
*^^  the  type  of  engine. 

Let  P  =  absolute  initial  pressure 
R  =  ratio  of  expansion 
jp  =  back  pressure  (absolute) 

^^  neglecting  all  losses,  the   theoretical    M.  E.  P.  will    be  ex- 
P'^^^ed  by  the  formula, 


M 


.  E.  P.  =  P  (1±Mi1^15:j^  -  ;.. 


R 


In  order  to  allow  for  the  losses  due  to  compression,  clearance. 


055 
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r/r  iii^ v-'-i'  z^T-tsL  iz.  lift  :•  " 


iSflSiaf^av&ttic  rrr-ff  -r»Z-T«ft.  «m«s  j90 


Tr.-i-r:  i*.«>rT  An?  fr  Tn^Aekeud  enzintes;  with  jickeis 
iat^EV^  r:»^l:  -^  -•>->  si-  r»r  in  -eath  <»ae.  On  a«xx>aiit  of  wire-dis 
inz  AZi-i  lAr?»e  :-:  .iLpffv^ssixi.  hl2ir«pe«d  engines  would  have 
ftsnAlI^r  vilic  :-  \rjk  T«s|«ei:-t:Tr  class.  OrJy  the  best-desiga 
tzit^djr^.  TTiiL  ?>  d  viire  2>iar5  and  ar.d"rr  favorable  conditions  ^ 
varraiit  \z.r  ■ia*r  of  :I.e  larger  fan-KT  in  their  respective  clas*^ 
Larg*r  eii^li-ra  Trill  ...f  c-r^arfe^  r^re  larger  factors  tlian  small  engia 

Ex^mr/.*-. —  ^V:.at  is  :Le  prr>babie  M.  E.  P.  when  the  in5 
pressure  Ls  S'».;i  pouiid^  (srigei,  the  hack  pressure  3  poi&^ 
^aborJut'^  I  and  the  ratio  m  expan^ion  4?  The  engine  is  ku. 
of  the  plain  slide- valve  type  with  steam  jickets. 

P  =  &o.:5  —  14.7  =  110  {lounds 
j»  :=  3  }  rounds 
K  ^  4 

From  the  foKowinj  lablt-,  hyp.  log.  R  =.  1.3863 

M.  E.  I>.  =  ^  ^'^a-^1-^^'^3)  _  8 

4 

=  02.62  jKuinds. 

F'or  a  lar^e  phiiu  slide-valve  engine,  unjacketed,  we  migl 
ffxpecl  Ji  fjictor  of  .80  to  .90,  depending  upon  the  conditions.  Su] 
I)08e  \si^  call  the  factor  .87,  then  adding  .05  for  the  effect  of  tl 
Kteain   jacket  we  get  .92. 

f>2.«2  X  .92  =  57.6  pounds  as  the  probable  M.  E.  P. 

A  rough  approximation  to  the  power  to  be  expected  of 
roini)ouiid,  or  triple  expansion,  engine,  may  be  found  in  a  simil 
manner  by  aHsnming  that  all  the  exjjansion  takes  place  in  the  loi 
pn'HHun;  ryjinder,  neglec^ting  losses  as  b(»fore. 

Example. —  Find  the  probable  1.  II.  P.  for  a  triple  expansic 
engine  with  the  following  dimensions  and  data : 
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RevulutiuuB, 

luilial  pressure, 

Buck  pressure. 

Total  ratio  ol  expaneion. 

Diameter  of  low-preBsure  cylinder, 

Stroke, 


140.3  pounds  (page) 
2  puundH  (absolute) 


incheH 
„^p^P(l  +  kyp.iog.R) 


:  155   (T   +  -2.48490)  _  g 


In  practice  only  about  .65  of  this  is  actually  obtaineil,  so  the 
probable  M.  E.  P.  is  .65  X  43.01  =  27.95  pounds. 

The  I.  H.  P.  is  now  foaiid  from  tlie  expression   ■  ^ ,'  ■    '    aa 


,  27.05  X  2^  X  2.827.4  X  2  X  115  . 


^^^^ 

PABLE  OF  HYPERBOLIC  OR  NAPIERIAN  LOQARITHnS. 

»o. 

Loa. 

No. 

Lo„. 

No. 

IX.B. 

No.      1       Loo. 

!'■"? 

.22314 

S.lb 

1.32175 

6.25 

1.8.S258 

8.75 

2.16905 

.40540 

4.00 

1. 38629 

6.50 

1,87180 

9.00 

2.19722 

.55962 

4.25 

1.44692 

6.75 

1.9U954 

9.25 

2.22462 

.69315 

4.50 

1.50407 

7.00 

1.94591 

9.50 

2.25129 

.81093 

4.75 

1.55814 

7.25 

I.9K100 

9.75 

2.27720 

5-O0 

^  5o 

.91C'29 

5.00 

1.00943 

7.50 

2.01490 

10.00 

2.30258 

l.OlltiO 

5.25 

1.65822 

2.04769 

12.00 

2.48490 

1.09861 

5.50 

1.70474 

s.oo 

2.07944  ': 

15.00  1  2.70S0f> 

1.17865 

5.76 

1.74919 

8.^r. 

2.11021 

18.00  1  2.89038 

l.'i-SS?*) 

6.00 

1.79170 

8..'iO 

2.14006 

20.00  1  2.99570 

CRANK  ACTION. 

In  the  steam  engine  the  steam  exerts  a  pressure  on  the  crank 

V*^**  through  the  piston  rod  and  connecting  rod.     \Vlien  the  ci-iiik 

**t  the  dead  center,  the  entire  pressure  is  on  the  bearing  of  the 

^nk  shaft;  there  is  no  tendency  to  turn  the  crank.    In  any  otlier 

S^^^ition  the  steam  pressure  tends  to  turn  the  crank  pin.     As  the 

*^*&nk  pin  moves  from  dead  center,  the  tendency  increases  until  it 
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reaches  a  maximum  and  then  decreases  until,  at  tlie  other  d^-^*" 
center,  it  is  zero  again.     If  the  connecting  rod  were  of  infiii  i  '^ 
length,  and  steam  were  admitted  throughout  the  whole  sti-oke,  t:  I  ^ 
maximum  tendency,  or  the  maximum  turning  moment  as  it      ^ 
called,  would  occur  with  the  crank  at  right  angles  to  the 
connecting  the  dead  points. 

In  the  actual  engine  the  thrust  along  the  rod  is  constiui 
varying  even  though  the  pressure  on  the  piston  remains  the  siim 
This  is  due  to  the  angularity  of  the  connecting  n>d.     The  turnim-^ 
moment  is  always  equal  to  the  thrust  along  tlie  connecting  r(^- 
multiplied  by  tlie   periK'ndicular   distance  from    the   conneotin 
rod  to  the  center  of  tlie  shaft.     If  the  steam   pressure  on  tli 
piston  remains  constant,  the  maximum  turning  moment  occu 


s 


Fig.  12. 

when  the  connecting  rod  is  at  ric:ht  angles  to  the  crank,  for  in 
this  position  the  perpendicular  distance  from  rod  to  center  of 
shaft  is  a  maximum  equal  to  the  leni]^th  of  the  criuik,  and  as  the 
rod  makes  its  greatest  angle  with  the  line  connecting  the  dead 
center  at  this  point  tlic  thrust  along  it  will  also  be  a  maximum. 
If  the  cut-off  is  very  early,  |  stroke  for  instance,  the  maximum 
thrust  along  the  rod  will  occur  earlier  than  at  the  point  previously 
mentioned,  but  the  leverage  of  the  force  will  be  less,  so  that  really 
there  will  be  little  change  in  the  point  of  maximum  turning 
moment  no  matter  where   the  cut-off  may  occur. 

To  represent  this  turning  moment,  diagrams  of  cmnk  effort 
are  drawn.     These  diagrams  may  be  drawn  with  rectangular  co- 
ordinates having  the  crank  angles  represented  as  abscissae  ancL 


^b^ 


THE     STEAM     ENGINE. 


turoing  moments  corresponding  to  these  angles  as  ordinates. 

Besides  the  thrust  of  the  connecting  rod  we  must  take  into 
Dunt  friction  and  the  inertia  of  the  reciprocating  parts.  At 
I  this  may  be  thought  of  small  consequence,  but  with  a  fairly 
vy  piston  and  connecting  rod  we  can  easily  see  that  at  high 
ed  the  momentum  would  be  great.  On  a  vertical  engine,  on 
up  stroke  the  steam  has  to  lift  this  heavy  mass  and  impart  a 
y  considerable  velocity  to  it,  while  on  the  down  stroke  the 
3leration  of  the  mass  is  added  to  the  steam  pressure.  This 
ies  the  effective  force  on  the  up  stroke  less  than  that  due  to 
actual  steam  pressure,  and  greater  on  the  down  stroke.  The 
ik  effort  diagram  represented  in  Fig.  12  is  from  a  horizontal 
ine  of  practical  proportions.  The  initial  steam  pressure  is  50 
Jids  per  square  inch.     Cut-off  at  J  stroke.     The  engine  makes 


revolutions  per  minute.  The  dotted  lines  represent  the 
ik  effort,  without  considering  friction.  The  full  line  is  the 
ram  when  weight  of  moving  parts  and  inertia  are  considered. 

In  drawing  a  crank  effort  diagram,  friction  is  often  neglected, 
the  effect  of  mertia  of  the  moving  paiis  is  of  great  importance, 
icially  in  the  case  of  high  speed. 

It  has  been  mentioned  in  connection  with  compounding  that 
lere  are  two  or  more  cranks  on  the  shaft  the  turning  moment 
lore   nearly  constant.     We  can  now  see  that  this  is  so.     In 

13,  A  D  B  represents  the  curve  of  turning  moments  on  one 
k,  and  A'D'B'the  curve  of  turning  moments  on  the  other 
k,  which  is  at  right  angles  to  the  firet.  To  find  the  total 
ling  moment  on  the  shaft  the   dotted  line  curve  is  drawn. 
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'  .»-  -t  111-  i  nuL  ■     "     t~       Tif-a  f'i^  =:  «»•  —  tn.      It  is  tosiivsetn 
MaT  '.!*i^  JTO-L  lize  :ir-x-  j»  311  r^  zijuri^  a  '5';iraarfi:  line  thin  the 
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"^     •  v_:i_'  i:^:   v-.L   .:ii:i  niz.:  Ls  :/-rr  L.:::':r.  ••£  thr  cyIiqiW  walls 
"  .t".    .:   T-  -V    :'_ :   l-\r-_   :L-    :  r.-iiTiirj- :\t.  r.ille  t.«  rci>nomv  we 
.  ..-'.  •'  :    -  ■    -  i.  t:  .1  i^'.'*     f  -!Ljrji-s  ir.  ^rrrio'r  ^►n«ii liens. 

A""^  -^  *  5.''  ^  '.'  >r.  z  ,t.  P'^4Jt''^'  I:.  *::raeral  ti.ere  is  a 
j-i..  r.  : r.  : ;. -  •  •  -  - i:  .--.it*-  :r. :  r^rx- ! :L^:  z\.r  stiraai  i •r»^ssiire  and 
:  -'  "...:. :J.  :.::  .-  •-?    :  -xzitzj?::'"--^,  '  -^r-T: : -ii  vT:z»^r  means  are  taken 

*  «  ^  *. 

:■    l--*sr-r.  :.--   :     .-^  r-.  —  -~-r^  >  i  ir  :••  Lncre;i5r^l  e*^ndf ns;irioii  a:iti 
:■ — Vi:i  ru'.   \  .:."-*^i  "t  :,*>:  ir.  7i-:-_'--«i  rxparisi«»ri.   Tiie  initial  con- 
i-r>..:    r..    :  :    :  --.  :li.e^  ^  :  :--:ry  ^:r:?:  limit  uj*:>ri  the  number  of 
exrsi'.*  ■     -  '      n:.-.   -T  ->*^i  :r.   i  ^:::.:*'.-  •rx;,t::>i»n  eniri"**. 

[f  'V-       -     -"  -  ^-    ;.  ..  -  ~-^^  y.^  ■  ■  .\  k-r-:^  :h»^  >.iiiit-  eiit-off,  the 

:.  :  V    .-   -^  .^     -   --:_:.---.-    \/r,-:-\-.     T".-    :..<-r-;   i\o\w  rxienml 

:-■!    -.-.:.:    i--   "^r.:,   :;.-  :.--     :  ->-    :.   iTt-s-^un-,  Vnit  the  horse- 

•  ■V'    !..   :■  --  -  :..    :-   :■•  .  11-  .  !.-::  -    :  .•■--  \<  a  li-t  jji^iiK  and  J^i"''^ 

t 

■  -r  •!.::.  J  -  :  :-:..:  ::;:::  ^r  •  jr  .:rr.  ::.-  hi:zli»*r  the  pressim,  it. 
..^  r-:i.so'.  •/' !-•  '.  '  ^■-:-"^"  ''---^'i-  *:>'  '  "^^  fr«»!ii  oi>inl»'n<ation  and  r^^ 
-v^t:"  :-■,'.  :.  'v.'.L  ::._r-  .-.<'  .  I:  :^  :.-■:  «i::r:oJil:  t«»  iinaL^nne  a  p^i"^ 
'.  !i-  :»-  t:.  —  '  --■  -  r:. '..  •■:!-':  :hf  L,';iin.  an<l  wiir-re.  imlt-t^d,  if  ^he 
:■!>--?>■;!••  :-  :  .:-•  I  *.  -  f.-.r  ri:-  !"'•  v,;ll  Ik-  a  ii't  thrnnal  Inss.  riiis 
i.  ts  a  r  I.:. .-.•  }i  ii.:  -:.-.]  i  .  >..::!•-  .  a>»s.  At  first  tlir*  crain  frniii  rai>- 
i::'/  th»- .-*■•  til!  J. r— -»!!••  :-  r.iT'i'i.  As  thr  pressure  ris'.'s,  the  g-''^^ 
irK:n:as«r>  nmr.-  -sL-wly.  aii'l  tinally  it  is  not  worth  the  expense,  i^ 
\u(h'f'<\,  X.\\rv*'  is  not  actual  l<>ss. 

If  \M'  In-ar  in  niiml  tliat  tht^iv  is  little  gain  in  economy  to  '•^ 
ohrain^-rlliv  incn-asinir  tin*  strain  prt*ssnre  lievond  a  certain  I'^^d- 
♦  •rat<*  limii.  uiilfss  tli«-  ratio  of  <-xpansion  is  also  increased, and  that 
\\\i'  \n>>k'r^  from  coiMlensation,  n*-eva[K:)ration  and  exhaust  wai'te 
limit  tiir  miiiihrrof  expansions  profitably  used  in  a  simple  expansioi» 
eii^^ine,  \v(;  shall  at  once  see  that  we  must  look  to  other  devices 
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for  decided  gains  in  economy.  The  most  important  of  these  have 
already  been  briefly  considered. 

Superheated  Steam.  Tests  show  a  very  decided  gain  in 
economy  from  using  superheated  steam,  yet  practically  no  p(»rnia- 
nent  results  have  been  obtained,  on  account  of  the  difficulty  of 
maintaining  the  superheatmg  apparatus.  To  superheat  to  tlie 
best  advantage  we  must  have  a  coil  of  pipe  in  tlie  flue  and  thus 
make  use  of  the  otherwise  wasted  heat.  But  the  intense  heat 
soon  burns  out  the  metal  and  together  with  the  great  pressure  it 
is  rapidly  wasted  away.  Gains  of  from  15  per  cent  to  20  per 
cent  from  using  superheated  steam  have  actually  been  observed 
on  simple  engines.  There  has  also  been  some  gain  noted  by  the 
use  of  superheated  steam  in  triple  expansion  engines,  but  the  gain 
is  less  than  in  the  simple  type,  because  naturally  there  is  less  con- 
densation in  the  triple  than  in  the  simple  engine. 

Steam  Jackets  supply  a  small  amount  of  heat  to  the  cylinder 
during  expansion  which  can  be  converted  into  work,  but  the  chief 
advantage  of  a  jacket  is  that  it  keeps  the  inner  walls  of  the  cylin- 
der warmer  at  admission  and  thus  reduces  initial  condensation  and 
saves  much  loss  of  re-evaporation  at  exhaust.  It  will  be  evident 
that  a  large  part  of  the  heat  of  the  steam  jacket  flows  to  the  cylin- 
der during  exhaust  and  is  thus  entirely  lost  in  the  simple  engine. 
In  the  triple  engine  this  heat  passes  into  the  intermediate  and  low- 
pressure  cylinders ;  consequently  we  might  expect  a  greater  gain 
from  using  a  jacket  on  a  triple  than  on  a  large  simple  engine. 
The  main  advantage  of  the  jacket  has  been  previously  pointed 
out,  and  it  may  be  stated  that  in  all  cases  the  gain  from  the  jacket 
is  small  and  there  is  to  be  found  a  considerable  divei-sity  of  opinion 
as  to  its  real  advantages.  On  some  engines  there  is  undoubtedly 
little  if  any  gain.  The  largest  gain  is  in  the  smaller  engines  of 
say  under  200  H.  P. ;  on  very  small  engines  the  gain  is  quite 
large,  having  been  as  much  as  30  per  cent  on  a  S'^  X  10''  engine 
when  developing  only  1 J  H.  P.  under  light  load.  On  a  10  H.  P. 
engine  the  gain  might  be  as  much  as  25  per  cent.  On  engines  of 
about  200  H.  P.  the  gain  would  probably  be  5  per  cent  to  10  per 
cent  for  simple  condensing  and  compound  condensing,  and  from 
10  per  cent  to  15  per  cent  for  triple  expansion.  The  saving  on 
large  engines,  of  say  1,000  H.  P.,  is  very  small,  the  reason  being 
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itukZ  IkT^e  r!i;2ir>if  oc-er  I-ea?  cjlinder  smfftce  per  unit  of  Tolume 

ii-.4i.  *3ia11  :i.r^.  ^'-  i  LrQ  TT  we  £nd  pnnpi^rtionately  less  cylinder 
*:ozjit:Zsd,zi  c  1-  liT^-r  enz"^^:*  UiAn  in  soLftll  ODcs-  The  ven* small 
eri^Li-t^s,  ::.  tIIiI  iL-r  zLn  w  uld  b*^  gr«ii€su  are  seldom  jacketed 
Viiii-Aase  tLrrj  ir-r  b:iilt  i>r  ir.ei^«rrL>:ve  maehiues  and  the  first  cost 
IS  of  more  o>i-sr»'4  3e'.  .-e  iLin  ihe  l.itrr  ec»>aomy. 

CoiAf'yMK-i'.\j  15  :Le  m  «fw  rfftrctive  method  of  increasing  the 
nucir«fr  of  exi.  iri?:"»:-s  .v-d  ;*:  tr.e  5^^nie  time  avoiding  excessive 
cyl::*«i-rr  c.rA'^i.s^zion.     Wrr  kn-w  that  iiiere*\se  in  boiler  pressure 
ixnd  in  :-rvV.se  :..  rx-^-kL^:*:*:^  ::.  siri-itle  enirines  are  economical  only 
!«_•  a  Lrrtain  lioi::.     ^VM  s;.\ll  :.ow  disou>s  the  irain  due  to  com- 
ivxin«L:.i:    .-.:.  1    I'l.r     ■•:.«i:::o:>  r.naer   which    it   is    advantajjeoiis. 
A  •:•:'•.:  ■.•>::. r a ris-  11    V:w-tii   tests  i*(  different  engines  is 
iinjHjssiMc  l^cn  .-e  «•:  :hc  different   steam  pressures,  etc.,  but  a 
careful  study  serins  :••  sh  "W  that  for  simple  condensing  engines 
there  is   i.  >  adv.tnM;^   in   raisincr   the  steam  pressure  above  80 
|>ou!ids.      In  L«»nu-'iiidinLr,  tl.e    pressure  can   be   advantageously 
raised   t*»   lo'*   pounds.     Ti.e  g:\in   due   to    the    lugher  pressure, 
ineater  numWr  r.f  expansions  and  compounding  may  be  20  per 
cent    t(*    ?>•>    I"  I'    <    n:.      F«  r   triple-expansion    engines,  the  most 
ecoiioniical  s>  ;:n  pr  >^  lie  is  - 't   course  liiglu-r  than  for  compouii<l 
and   ni.iv  !>••  u-^  1   t  •  .I'lv mr.iixt*  un  to   180   pounds  or  more.    The 
crain  frc«ni  ri>::;i:  .i  tiipl'-  c»v»-r  a  com[H>und  may  be  about  5  to  10 
per  cent  <  r  ni'ir.     '1  i.'-^*'  iiLrurc^  are  i^ood  only  for  engines  under 
full  lo.id  and  pn-p.r  p'»".!it   ••t  rut-<.tT.      A  compound  will  usually 
suffi-r  niorr  l«»-s  of  tM'<>n«'iiiy  uiid'-r  I:<:rht   load  than  a  simple,  and 
the  triple  will  siilVf-r  nii»rt'  thm  a  c-on!})Ound. 

Cut-off  ninl  Kxii'insin,,.  Tiif  Ix'St  point  for  cut-otf  f"^  ^ 
simple  en'^ints  whctlnr  j;nketed  or  not,  is  about  \  stroke  if  ti>^' 
('n<nne  is  iio:icondcnsin;j:  and  about  ^  stroke  if  condensing.  1"^' 
total   expansions  of  a  triple  engine  or  a  compound  is  commonly 

known  as 

ratio  of  low  pressure  to  high  pressure 
fractional  part  of  stroke  at  cut-off  in  high 
For  instance,  if  tiie  cylinders  are  as  1 :  3  :  S,  and  cut-oir  i^^f 
stroke  in  hicrli,  then  the  total  expansions  as  conventionally  used  la 

^   =  20       For    the    l>est    service   of    triple  engines  on  land  -0 
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expansions  are  used.  The  conditions  of  service  make  it  impos- 
sible to  use  as  many  expansions  in  marine  work,  hence  the  rela- 
tively poor  economy  of  marine  engines.  For  compound  engines  15 
expansions  seems  to  be  the  best  in  general.  Of  coarse  it  must  be 
understood  that  the  type  of  engine  and  conditions  of  service  may 
necessitate  different  arrangements,  but  when  such  is  the  case  a 
less  economy  of  steam  consumption  usually  results. 

Variation  of  Load.     An  engine  should  he  designed  to  give  a 

fiiir  economy  over  a  reasonable  varLition  of  load.     Ordinarily  if  it 

grivesits  best  economy  at  normal  load  there  will  bo  a  sufficient 

I'OrHge.       Usually,  it  happens  that  the  best  mechanical  efficiency 

^^^   obtained  with  a  little  longer  cut-off  than  that  which  shows  the 

'^^r^st  economical  steam  consumption  per   indicated  horse-power. 

^^^lis  is  because,  as  the  cut-off  lengthens,  the  power  increases  fiister 

^t^5i.n  the  frictional  losses.     It  will  be  evident  from  this  tluit  in- 

asing  the  cut-off  slightly  reduces  the  thermal  efficiency,  but  the 

in  in  mechanical  efficiency  may  offset  th(^  thermal  loss.     Shoit- 

^^^ing  the  cut-off  causes  loss  of  lx)th  thermal  and  mechanical  effi- 

^^^ney.     It  would  then  seem  that  if  the  engine  were  given  a  little 

^^^^iger  cut-off  than  that  which  would  produce*  tlie  l)est  th.ernial 

^^*Tieiency  at  normal  load,  the  powtn*  could  !)(»  reduced  with  less 

*^^^^ual  loss.      For  a  slight  reduction  we  sliould  lose   mechanical 

^"R^i-ciency  and  gain  thennal,  and  for  a  slight  increase  we  shouhl 

^^^^in  mechanical  and  lose   thermal.     Thus  tlic^re  would  bo  a  wider 

^^"'^i^ge  with  good  results.      There  is  always  more  loss  by  decreasing 

^^^ttK)ff  below  the  point  of  maxhnuni  efficiency  than  by  lengthening 

^^-       That  is,  the  engine    works  at  a  gi;^Mtcr    disadvantage  when 

^'^iTiniug  under  a  light  load  than  when  running  under  a  heavy  one. 

The  allowable  range  of  load  for  a  simple  engine  is  greater  than 

tor  a  compound  or  triple.     If  the  power  oi  a  compound  is  reduced 

^y  shortening  the   cut-off  of  the  high-pressure   cylinder  without 

^"^rtening  the  low  proportionally,  there  is  likely  to  be  an  uneven 

^^tribution  of  work  and,  consequently,  a.  wide  fluctuation  of  leni- 

P^^ture,  which  will  cause  so  nuich  condensation   as  to  offset  thi» 

^^vantages  of  compounding.     jMoreover,  the  large  ex[)ansion  in 

*^®  high-pressure  cylinder  may  reduce  the  admission  j)ressure  to 

*^®  low  cylinder  so  much  that  the   expansiim  in    the  low  may  be 

^*^ed  below  the  atmosphere  in  a  noncondensing  engine  and  thus 
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cause  a  loop  at  the  end  of  the  card,  as  we  have  learned  in  "  Steam 
Engine  Indicators."  Tliis  loop  means  a  loss  of  power,  and  that 
the  high-pressure  piston  is  dragging  the  low  and  the  engine  is 
using  up  power  on  itself  as  it  were.  A  triple  engine  is  even  more 
troublesome  than  a  compound,  and  besides  giving  the  trouble 
already  mentionetl,  the  dragging  of  the  low-pressure  piston  may 
injure  the  cylinder  and  loosen  the  guides.  There  is  little  diflBculty 
in  increasing  the  powt»r  of  a  compound  or  triple.  A  simple  engine 
may  etvsily  be  run  at  reduced  power,  either  by  shorteniug  the  cut- 
off  or  reducing  tlie  steam  pressure  or  both. 

Effect  of  Speed,  The  transfer  of  heat  between  tlie  steam  and 
walls  of  tlie  cylinder,  although  very  rapid,  is  not  instantaneous. 
The  longer  the  steam  can  remaiu  in  contact  with  the  cylinder 
walls,  the  more  heat  will  be  lost.  Hence  it  is  reasonable  to  sup- 
pose that  an  increase  of  speed  will  reduce  condensation.  This  has 
been  found  by  tests  actually  to  be  the  case.  Other  things  being 
equal,  a  retisonable  increase  of  speed  results  in  better  economy, 
but  as  we  can  seldom  get  as  good  a  valve  motion  at  high  speed,  we 
may  lose  almost  as  much  in  this  way  as  we  gain  by  deiTeasing  our 
condensation.  'I'hi^  most  efficient  valve  gfears  are  to  be  found  o:i 
slow-speed  engin(\s,  and  hence  we  usually  find  that  the  most  econ- 
omical engines  arc  slow  speed.  Nevertheless,  with  a  given  valve 
gear,  an  increase  of  speed  gives  better  economy  up  to  the  limit  of 
good  valve  motion.  Iligli-sjx'ed  engines  also  require  more  clear- 
ance, which  means  another  loss.  These  two  factoi*s,  valve  motion 
and  clearance,  limit  our  incre  ise  of  speed  beyond  a  certain  point,  just 
as  condensation  will  limit  our  indefinite  increase  of  boiler  pressure. 

Feed  Wntcr  Ileafrrs.  The  use  of  feed  water  lieaters  has  been 
discussed  in  the  instruction  p  ipers  on  boilers,  but  it  maj^  be  well 
to  ol)S(*rve  here  that  in  many  places  where  water  is  ex[)ensive  ^ 
condensing  engines  cannot  be  run  ;  nevertheless,  a  very  consider — 
able  saving  can  be  effected  by  allowing  the  exhaust  st^am  to  con — 
dense  in  a  feed  water  heater,  and  thus  save  the  heat  that  would^ 
otherwise  be  wasted,  or  the  exhaust  steam  mav  be  used  for  heatino^ 
purposes.  Of  course  in  such  cases  the  steam  consumption  of  the= 
engine  is  high,  but  if  proper  allowance  is  made  for  the  heat  usecS 
for  other  pur[)oses,  the  actual  fuel  consumption  rightfully  charges  J 
to  tlie  engine  is  not  excessive.     If  the  feed   water  is  lieated  h^ 
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^^r5^.^=it;e  gases,  then  the  gain  belongs  to  the  boiler  and  not  to  the 

The  following  represents  tlie  average  steam  consumption   in 
P^^^xxids  per  I.  H.  P.  per  hour  for  various  types  of  engine: 


Triple  expansion  stationary 
Triple  expansion  marine 
Compound  stationary 
Compound  marine 
Simple  condensing 
Simple  condensing 
Simple  noncondensing 


11  to  14  pounds 
13  to  16  pounds 

12  to  15  pounds 
18  to  21  pounds 

17  to  20  with  jacket 

18 '2  to  22  without  jacket 

24  to  33  or  more 


All  these  figures  have  been  taken  from  the  results  of  careful 
^^  t:s  of  engines  in  actual  service,  and  represent  good  engines  of 
^'^^ir  respective  types. 

Direct-acting  steam  pumps,  although  very  important  engines, 
^^^  extravagant  in  their  consumption  of  steam.  The  alxsence  of  a 
^  Avlieel  makes  it  almost  impossible  to  use  steam  expansively,  and 
^^vice  tlie  pump  takes  steam  full  stroke. 

The  steam  consumption  for  a  simple  direct-acting  steam  pump 
^^^y  be  anywhere  from  60  to  200  pounds  per  horse-power  per 
^^iir,  depending  upon  the  size  and  conditions  of  service. 

The  economy  of  an  engine  is  usually  stated  in  terms  of  steam 
I^er  horse-power  per  hour,  or  of  B.  T.  U.  per  horse-power  per  min- 
^^te.  The  latter  is  more  useful  for  purposes  of  comparison  with 
^ther  engine  tests,  but  the  real  criterion  of  economy  is  the  actual 
^ost  of  power  in  terms  of  fuel  consumption,  for  this  can  at  once 
1)0  reduced  to  dollars  and  cents,  and  the  manufacturer  or  tlie 
Imilder  of  the  engine  can  determine  the  effect  of  devices  for  econ- 
omy in  terms  of  money,  which  to  him  is  worth  more  than  B.  T.  U. 
It  may  often  happen  that  some  expensive  device,  while  effecting  a 
saving  of  heat  consumption,  may  not  save  fuel  enough  to  pay  for 
its  first  cost,  owing  to  the  peculiar  conditions  of  service. 

TESTINQ. 

The  principal  object  in  testing  a  steam  engine  is  to  deter- 
mine the  cost  of  power  or  the  effect  of  such  conditions  as  super- 
heating, jacketing,  etc.,  upon  the  economy  of  the  engine.  We 
must  therefore,  in  the  first  case,  measure  the  cost  of  fuel,  and  in 
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the  second  the  actual  lunit  used.     In  either  Ciise  we  must  calculate 
the  power  of  the  engine. 

The  indicated  power  is  determined  in  the  familiar  way  W 
means  of  the  indicator,  and  the  actual  i)o\ver  by  means  of  a  (Ivna- 
monieter  or  fricti<Mi  brake.  (For  further  particulars  of  these  in- 
struments and  apparatus  see  '"Steam  Engine  Indicators.")  To 
determine  the  cost  of  j)0wer  in  terms  of  coal  it  is  necessary  to  con- 
dui't  a  can'ful  l)oiler  test,  usually  of  twenty-four  hours  duration. 

Wlien  the  cost  is  expressed  in  terms  of  steam  per  horse- 
power per  hour,  we  may  follow  either  of  two  methods.  We  may 
condense  and  weii^h  the  exhaust  steam,  or  we  may  weigh  the  feed 
water  supi)lied  to  the  boiler.  An  hour  under  favorable  condi- 
tions is  usually  sufficient  for  such  tests.  Steam  used  for  any 
j)urposc  other  than  running  the  engine  must  be  determined  sepir 
rately  and  allowed  for. 

Probably  the  most  accurate  terms  in  which  to  state  the  pe^ 
forinanc^e  of  an  engnie  is  in  B.  T.  U.  per  horse-power  per  minute. 
When  tluj  cost  is  expressed  thus,  it  is  necessary  to  measure  the 
steam  pressure,  amount  of  moisture  in  the  steam,  and  temperature 
of  condensed  stciun  wlien  it  leaves  the  cond(?nser.     Jacket  steai*^ 
must  1)0  accounted  for  separately.     Important  engines  with  thei'^ 
boilers,  t»tc.,  are  usually  built  undtM*  ccnitract  to  give  a  certaiic^ 
cni.;iency,  and  their  fuUilment  of  this  contract  can  be  determinec^ 
only  l)y  a  complete  test  of  the  entire  plant.     Before  begiunin 
the  test,  the  tMiij^ine  should  be  run  for  a  short  time  in  order 
limber  it  up  and  ^et  \l  tliorou^^hly  warmed.     It  is  of  the  utmos  — 
importance  that  all  conditions  of  the  test  should  remain  constanff 
especially  the  boiler  pressure  and  the  load.     All  instruments  use^ 
in  the  test  should  be  t(»sted  themselves  before  being  used,  in  orde=s5 
to  determine  the  effect  of  any  errors  to  which  they  may  be  subjec^^ 

T/frr/nonif'ters.  All  imj)ortant  temperatures,  such  as  fee 
water,  inj(»ction  water,  condensed  steam,  etc.,  must  be  taken  b-^ 
reliabh'  thermometers,  the  (MTors  of  which  have  been  previousl—J 
determined  and  allowed  for.  Good  thermometers  sold  by  reliab^^ 
<h»a lei's  !ue  usuallv  satisfactorv.  Thermomet-ers  with  det;ichabl— ^ 
scah'S  aie  subject  to  serious  errors,  and  should  l)e  used  only  f^^ 
very  crude  work.  Cheap  thermometers  are  of  little  value  in 
engine  test. 
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Indicators.     The  most  important  and   least   satisfactory  in- 

strurrient  used  in  the  test  is  the  indicator.     It  is  subject  to  an 

^'T'or  ^,f  2  per  cent  or  3  per  cent  at  low  speed,  and  this  may  easily 

"^  ^H'o  or  three  times  as  much  at  high  8i>eed.     It  does  not  work  sat- 

^•a-ctorily  at  more  than  400  revolutions  per  minute.     If  the  indi- 

'iitor  is  carefully  tested  under  conditions  similar  to  those  on  the 

^'^gine,  the  errors  may  be  reduced  to  a  minimum,  but  there  will 

^-^ ^^143-3  be  some  uncertainty.     The  principal  errors  to  wliich  the 

''^^-licator  is  subject  have  been  mentioned  in  the  instruction  paper 

^^    **•  Steam  Engine  Indicators."     It  may,  however,  be  well  to  add 

that  for  accurate  work  we  should  always  use  two  indicators,  as 

the    long  piping  and  joints  necessary  for  only  one  causes  a  con- 

^^^ciei-able  loss  of  pressure  and  nmch  condensation.     For  marine 

^v^ork  it  is  customary  to  use  only  one  indicator,  witli  a  three-way 

cook,  the  lower  end  of  the  cylinder  usually  being  inaccessible. 

Scales.  Weighing  should  be  done  on  standard  platform 
ftcjixles.  The  water  may  bo  weighed  in  barrels  provided  with  large 
^^-»~s».iii  valves  which  will  allow  the  water  to  run  out  quickly.  It  is 
**^Uoin  |)ossible  to  drain  barrels  completely,  and  so  it  is  best  to 
l^fc  out  what  will  mm  freely,  tlien  shut  tlie  valve  and  weigh 
^-■^^  Uirrel.  This  we  call  ''empty"  weight,  and  deducted  from 
^'**^    ^veight  "full,"  evidently  gives  us  the  true  weight  of  water. 

If  not  convenient  to  weigh  the  water,  it  may  be  measured  in 
■*^   or  receptiicles   of   known    capacity,   and    the    temperature 
^n,  allowing  the  proper  weight  per  cubic  foot  for  water  at  that 
^^^Perature  ;  or  it  may  be  determined  by  metei-s. 

Meters.     Water  meters  are  of  two  kinds,  those  that  record 
^'^    amount  of  water  by  displacement  of  a  piston,  and   those  in 
'^^^^cih  the  flow  is  recorded  by  means  of  a  rotating  disc.      Piston 
«.    ^^r  meters  can  be  made  very  accurate,  and  if  working  under 
*    ^^   Conditions  of  service  they  may  be  relied  upon  to  a  close  de- 
^^.     The  chief  error  in  a  meter  arises  from  tiie  air  that  may  be 
the  water.     To  reduce  this  error  to  a  minimum,   the   meter 
^^uld  l>e   vented,  to  allow   the    air  to  escape   without    passing 
^^ugh  the   meter.     Rotary  meters    are    good   enough   for  very 
^^gh  work,  but  are  seldom  sufficiently  accurate  for  a  careful  en- 
'^e  t«st.     So  far  as  possible,  weirs  should  not  be  used  in  engine 
^^t     They  may    be    fairly   accurate    under  certain  conditions, 
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3ut  a  veiy  little  oil  in  tlie  water  may  affect  them  seriously.  They 
may  sometimes  be  used  to  measure  the  discliarge  from  a  jet  con- 
lenser,  for  then  the  volume  is  so  large  that  the  actual  error  is 
proportionately  small. 

Gages.  Pressures  should  be  measured  on  good  gages  that 
lave  been  recently  tested  by  comparison  with  a  mercury  column. 
The  atmospheric  pressuie  should  be  read  from  the  barometer,  and 
Eor  accurate  work  this  pressure  should  be  used.  For  ordinary 
work,  30  inches,  or  14.7  pounds,  will  do. 

Calorimeter.  When  using  superheated  steam  it  is  sufficient 
to  tiike  the  temperature  and  pressure  in  the  steam  pipe,  but  if 
satur.ited  steam  is  used,  we  must  determine  the  amount  of  mois- 
ture it  contains.  Tl)i8  is  done  by  means  of  a  calorimeter  such  as 
iescribed  in  *'  Boiler  Accessories." 

Brake.  Any  of  the  foi*ms  of  friction  brake  described  in 
'Steam  Engine  Indicators"  will  answer  the  purpose.  For  smooth 
Lud  continuous  running  it  is  essential  that  the  brake  and  its  band 
)e  cooled  by  a  continuous  stream  of  water.  Tlie  water  may  either 
irculate  in  the  rim  of  the  wheel  or  around  tlie  brake  band,  but  it 
iiust  not  come  in  contact  with  the  rubbing  surfa<*es. 

If  the  load  is  steady,  seven  or  eight  ol)servations  at  equal  in- 
ervals  will  usually  be  sufficient.  If  possible,  tlie  cards  should  be 
aken  simultaneously,  and  then  all  the  datii  averaged  for  the  final 
esult.  If  the  load  fluctuates,  the  cards  must  be  taken  oftener, 
nd  a  greater  number  of  observations  will  l)e  recjuired.  The  great- 
!8t  care  and  accuracy  must  be  used  in  all  this  work.  In  conduct- 
ng  a  test,  a  careful  log  should  be  kept  of  the  data ;  the  outline 
fiven  on  page  66  being  a  suggestion. 

THE  STEAil  TURBINE. 

A  description  of  the  steam  turbine  and  the  general  principles 
)f  the  engine  were  given  in  Part  I  of  "  The  Steam  Engine."  Now 
ive  shall  discuss  its  efficiencv.  The  turbine  is  such  a  comiuirativelv 
lew  engine  that  there  have  been  but  few  tests  made,  and  conse- 
}uently  we  know  very  much  less  about  its  possilulities  than  is  the 
3ase  with  the  ordinary  reciprocating  engine. 

Probably  the  greatest  loss  in  the  reciprocating  engine  is  that 
iue  to  condensation  and  the  subsequent  re-evaporation  at  exhaust. 
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The  exhaust  cools  the  CTliDder,  so  that  the  inoonui^  steam  n 
oool  mils,  while  in  the  torLine  no  such  conditioiis  exist, 
admission  takes  place  at  one  end  of  the  engine  and  the  exl 
occnrs  at  the  other  end.  The  temperature  gradually  fslls  : 
admission  to  exhanst  and  the  expanded  steam  never  come 
c<mtaet  with  the  part  in  which  tiie  faigher-pre:i8ure  steam  w< 
Thus  Watt's  principle  scnrms  to  he  fulfilled,  namely,  ^  The  cyli 
should  always  be  as  hot  as  the  steam  that  enters  it.**  Of  c( 
there  is  coiisideiahle  loss  from  radiation,  but  there  shonld  be 
much  IcsiS  condensation  tlian  in  the  reciproesiting  type. 

Superheating  may  be  r.uule  u<e  of  with  considerable  ga 
economy.  There  are  no  rubbing  ssurfaces,  no  lubricants  to  de 
pose  and  no  glands  to  bum  out«  as  is  the  case  in  the  reciproci 
en^ne.  The  steam  may  be  surierheated  to  60^  or  more  to  ac 
tage.  There  being  no  internal  lubric-ation,  there  is  of  course  r 
to  get  into  the  condenser,  and  so  the  feed  water  may  be  used ' 
out  fear  of  getting  grease  into  the  lioiler. 

Another  advantatre  seems  to  be  in  the  more  complete  ei 
sion  of  tlie  steam.  Tliere  is  little  gain  in  tlie  reciprocating  ei 
by  expan<lin'^  the  steam  U-yond  a  certain  limit,  Ixx-ause  of  tl 
(Teuseil  roinlt-nsation.  The  lH>ilrr  }»ivssuio  cannot  be  incr< 
indelinitelv.  neitlu-r  e;in  tlie  expunsinii  \h}  c;iiTiiHl  out  to  the  ! 
From  tliese  ron<i<lerations  it  woiiUl  seem  as  if  the  tn 
ou'i^^it  to  show  miieli  iH'tter  ctiieieney  than  the  reciprocating  en 
and  were  it  not  for  the  friction  of  steam  ag-ainst  the  vanes  o 
turbine  tlie  inlvantnge  would  douVnlcss  be  in  its  favor.  Tests 
shown  a  consumption  (»{  alxait  16  pounds  of  steam  per  B.  1 
per  liour.  Assuniin<^  an  cflicicncy  of  85  per  cent,  this  would 
al)Out  14  p(mn(ls  per  I.  H.  P.  per  hour.  Tests  of  the  best  mc 
triple  cxi)ansion  puinpini,''  enj,nnes  liave  shown  a  steam  cons 
tion  of  a  little  over  11  pounds  per  1.  II.  P.,  and  numerous  tes 
ordinary  triph^  expansion  cuisines  have  been  made  which  sh 
consumption  of  12  to  13  pounds. 

The  most  rec(»nt  test  of  which  we  have  accurate  know! 
was  made  on  a  Westin^^diouse-Pai-sons  engine  of  600  H.  P.  "^ 
running'  at  3,600  revolutions  per  minute.  With  ordinary  8 
havhig  3  per  cent  of  piiminjj:,  the  turbine  used  15.5  poun( 
steam  per  B.  H.  P.  per  hour  with  a  vacuum  of  25J  inches  ii 
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condenser.  With  30®  of  superheating  and  26 1-  inches  of  vacuum, 
the  Bteam  consumption  fell  to  14.2  pounds.  Assuming  85  per 
cent  mechanical  eflSciency  as  before  would  give  a  relative  steam 
consumption  of  13.17  pounds  per  I.  11. P.  in  the  first  case,  and 
12.07  pounds  in  the  second  case.  It  will  l)e  instructive  to  com- 
piire  tlie8<»  figurert  with  those  given  for  reciprocating  engines  ou 
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Tilt!  principle  of  the  Curtis  turbine  differs  from  that  of  any 
other  type  in  that  it  permits  the  use  of  moderate  rotative  ajieeds 
and  very  compact  and  simple  mechanism.  The  turbine  is  divided 
into  stages,  each  of  which  contaius  one,  two,  or  more,  revolving 
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DIAGRAM  OP  NOZZLES  AND  HOCTKETS  FN  CURTIS  STKAM  TUKHINK. 

Hiekets  supplied  with  steam  from  a  set  of  expansion  nozzles.  As 
he  work  is  divided  into  several  stages,  the  nozzle  velocity  in  each 
tage  is  reduced,  thereby  rendering  the  nozzle  action  more  efficient 
,nd  perfect  than  is  possible  where  a  higher  initial  velocity  is 
mparted.  The  division  of  pressure  l>etween  the  stages  is  arranged 
o  utilize  the  largest  possilile  proportion  of  the  energy  of  exjwn- 
ion.  The  position  of  the  moving  and  stationary  buckets  with 
'elation  to  the  nozzle  is  shown  in  the  accompanying  diagram. 
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t::1  a  :. ■>-?•.* -rv  r-±rl-^:  :•:»  s:i51i:d  tbc  wrii^ht  of  the  revolvint^ 
jATL     I:  :§  4:rAr>rL:  iLi:  :i.*re:i::r^  wriiist  of  the  machine  is  tbii3 

cirried  upon  a  lilni  of  lub- 
ricating fluid  and  that 
taere  is  no  appreoiabli^ 
friction.  When  the  flow 
of  liqoid  is  interrnpted. 
the  bearing  is  slowly  worn 
N  .LJ^-^Y.  away,  but   experience  has 

shown    that    interrupt  ions 
•::.    -lU^r  a:.v  'irtrriMniiion  which  prevents  the  con 
:.\i'\..:.'f  ::.  -•-rvirc-  after  the  flow  is   re-establi<htil. 
Tljr  teij'i^'r.vv  i-f  ':,"  >rd^r'.:.-j:  in  ?r.rh  cases  is  to  wear  itself  to  a  new 
surface  ^*}  u.-i'  ::  «'j.^r.i>'-  !.«>r:na!Iv. 

All  lar:i»-  r^Wixzn  tiir'-ii.rs  are  necessiirily  de[>endent  UjXJii 
forc"<i  lu'hriratinri.  Fai'.r.r*:'  of  lubrication  in  a  horizontal  turbine 
i.s  liable  to  cau.-tr  seri«)us  trout»le  throutrh  cutting  of  the  shaft  or 
interference  with  tht-  aliifnnitrnt.  In  tlie  Curtis  vertical  tyjH:*  the 
r»os.-ibilitv  of  any  trouble  is  minimized  and  the  simple  c^st-iron 
l)l(H'kH  can  readily  i)e  repbuvrl  at  trifling  exj>ense.  In  large  sta- 
tions, wlien-  sevt-ral  turi»ines  are  oj>erated,  it  is  desirable  to  install 
weighted  aecunjulators  which  will  maintain  a  constant  pressure 
and  al.-o  act  as  a  rescrvt\ 

Clearances.  In  consequence  of  the  exact  relation  maintained 
between  the  revolving  and  stationary  elements  by  the  step-be^iring, 
it  is  possibb^  to  oj)erate  the  turbines  with  very  small  clearances 
Ixitwcen    the    moving  and   stationary   buckets.     Experience,  how- 
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Balance.  A  most  iiirfHirtiirit  matter  in  iili  sk'ttiii  turbine 
work  is  till!  batatici<;  iind  tlio  iitijiortaiice  of  good  lialance  ft]i|ilif9 
tiH  wu-II  Id  vertical  tiirhiiiea  as  thuee  tbat  are  i>|)orttU-d  in  a  burizun- 
Ul  jiOHition.  Wh<^ti  tlie  Imlance  is  good,  tbe  1>L-ai'Ln^8  on  tlie 
vtTtiojil  tnrbine  shaft  are  jiraclically  free  from  alrairi  or  friction. 
It  is  possible  to  operate  ibese  itiachines  eiiweas fully  witb  a  con- 
Hiderablfl  im]»erfection  of  balance,  but  a  perfect  balauce  is  practi- 
cabU<  and  ebould  be  attained  in  every  case. 
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Oov«riting.  The  spe«i  of  these  tnrbiDes  with  variable  load 
U  eontrolltd  by  the  aiituttiatic  upeoiog  aod  closing  of  the  origiDal 
admissioD  nozzle  sti-tioiis.  A  iviitrifngal  governor,  attached  to  the 
top  of  the  shaft,  imparts  motion  to  levers  which  in  tnrn  work  the 
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ThlT, 


are  severaj  valves,  each  eomuiiinicating 
with  a  uiiiirlc  nozzle  section,  or  in  some  cases  two  or  more  nozzle 
sections.  Tlu'se  valves  are  ciiiirieetiHl  to  long  pistone,  hj  which 
the  valve  e;in  he  upetied  or  closeil  !>v  steam.  The  motion  of  eat'h 
(if  these  [lisioMri  is  CDinrolleil  liy  a  small  pilot  valve  which  U 
woikeil  li_v  t  he  governor  mech- 
iu)isiii.  The  movement  of  the 
irnvernor  mechanism  nioveti 
the  pilot  valves  success ivcli 
;unl  the  main  valves  are  o|»'nitl 
or  cloaeii  hy  the  steam,  i'j 
suitable  adjustment,  ahnost 
(■uin'i>-  juiy    degree    of    accuracy    in 

speed  control  is  obtainable, 
tiiiti  iif  lurbiiics  is  naturally  dcfwiidfiit 
r  coiiilitioii^,  and  varies  in  different  inili- 
'S  of  this  ty|ie  show  excellent  results  ii.'i 
iticri  and  engines,  the  light-load  and  over- 
ki-d  mlviinlage.  The  gnaraiitees  of  steam 
.■nerni  Klertric  <'onii>any  are  based  npoii 
iliiiii's  in  ojieration. 

rgiT  sizes  of  Curtis  turbines  are  deaigned 
It   they  are  all   adapted    to  operate  tioii- 


viiluiil  ,l,.»i,.i,s.     Mac-liii 


iTsiilla<.l,li,iiu'd  witli  I 

Condensers.     Tlit 

to  openiu?  comlunairi^. 


:;.■■  I 


\\r.;-    iiirliiiif  ii:^ 


Wear  on  Buckets. 


Applications.      'I'ln-  ^[Kt- 


..-::.-.   i,  i..:r„-Ii,.„-s  n.ij^  as        ' 
;•;,  .-r..,i..n    ..f    tin-   l.in-k,-tJ  ill    -«''" 

-:.:,  ,i,..-.v  v..a>-liisiv,-!y  lliiU  wl^  * 
."■ .  -  i'f  iiii>irtiirv  iti  tin-  steam  it       '' 

7.--!ire.  it  is  ill  any  t'vfiit  iiei^^ 
M!;:I,;,aii.v.      All  l.m-k.1s   in   t        '' 

wit!i,„it  .lilli.-nllT  ami   at  (iii.^'" 
:■   jla.v*.  wliftf  the  clensitv  ot  1    '*' 
„.re,.|„il,le. 
;i.ii.].T.il  for  the  Curtis  tnrliint's*'* 

ill  till- .lf:iii;ii  of  tlif  fXt'iiiTaior? 
■  ^'.iKTHtiirfi  di'siirnwl  for  oinTaiio" 
ii'V.  jiikI  are  bo  jiroportioned  tba! 
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will  carry  heavy  overloadt,  without  injurioHs  heating.     These 
nes  are  built  in  sizes  ranging  front  11  Kw.  to  5.000  Kw, 
The  Cnrtia  tnrbine  is  also  8iiital)l«  for  driving  centrifugal 


39,  blowers,  fens,  and  other  similar  iipparatiis.  Turbines  for 
applications  are  being  rapidly  develojied.  In  order  to  meet 
emand  for  small  direct- current  turbines  to  be  used  for  excit- 
rain  lighting,  and  isolated  lighting  a  complete  line  of  non- 
maing  horizontal  shaft  turbines  has  been  developed,  ranging 
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ia  cap»ri:_T  from  11  Kw.  to  *X>  Kw,  These  machines  are  designnl 
to  ofrrau-  nt  low  shaft  e[v«d  witfaont  the  qs«  of  gearing  and  EhoT 
nrlativt-]y  hi}tli  stram  economy  when  openting  DOD-condensio};. 
ThrT  are  f*rlf.eoDUiii<fd  and  are  aatomatic  in  rv^lation. 

Thtr  iiiSL-faint:  bBowq  id  the  accompanying  diagram  has  beeo 
tr^tt^l  uridt-r  a  varit-tr  of  conditions  at  Xewport.  and  lias  givi;n 


i-r^ullH  wliii-li  illiislnili-  viTV  Mvil  thf  advantage  of  tbis  tjlf. 
Airi'iiiL'  "lliiT  ti-:-(s  lliMt  were  uuuli-.  the  iiiiichiiie  was  ojK'rated  p" 
;i  i-iitii'Dv  (-li.'iriiri'i^'  i7iihvii_v  I'la'h  tlic  itioiiieiit!iry  variations  of  load 
iinioiiiitiiii.'  I'l  jil'rmt  i'lfi  ]\\v.  Ill  one  test  the  iiverage  load  carrird 
wiili  ihis  lliLctii!itii)ri  was  'SAt  K\v.,aiii.l  the  steam  eoiisiimption  wa» 
)HA  iiiiiiiiiis  iKT  Kw.  hiiiir  output,  with  saturated  steam.   AootluT 
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L-j  oi.-  t:::.  ^IillI'^t  du<'r:L&::ons  and  with  an  averaoe  of  -1:21 
Ktt.  TLt  •tir*"^  ci>:;=^ii::ijK::o:;  na^ier  ihis  cooditioD  was  20.7  pounds 
of  5ati:ri:e«i  ftran-  f«rr  Ktt.  boiir  oatput.  The  Ijt-st  reciprocating 
en^ne  under  «:»n-ii:;uas  of  :he  first  test  would  proluildv  consume 
fium  2>  to  3*>  j«.»tirkd5  j*rr  Kw.  hour. 

The  Wcstinstioiise-PMrsoiis  Stcaun  Turbine  operates  on  the 
principle  tLa:  steam  ex^«indxncr  ihrouirh  a  definite  rancre  of  tem- 
perature and  pressure  exerts  the  same  energy  whether  it  issues 
from  a  suiiahle  orIrI».v  or  expiands  a^inst  a  receding  piston. 

Two  transfuniiaiiuiis  of  enertn'  take  jilace  in  the  steam  turbine; 
first,  from  rhernial  to  k:nt-:ie  enerir\-;  second,  from  kinetic  enercry  to 
useful  work.     Ttir  ^iitrr  alone  presents  an  analoirv  to  the  hydraulic 
turbine.     The  nuilcal  iiitferenee  between  the  two  turbines  lies  in 
the  low  dt-risity  of   steam  as  compiared  with  water,  and   the  wide 
variation  of  its  volume  under  varying  temperatures  and  pressures. 
A  tvi»i«"tl  AVestinghouse- Parsons  turbine  is  shown  in  section 
in  the  illustniti«»ii. 

Tlie   steam    volume   iircKxressivelv   increases    from   inlet  A  to 

exhaust  1>  in  the  aiiiinlar  spaee  l»etween   the   rotating  spindle  and. 

the  rvlindt-r  \v:iii>.      The  t-ntiiv  expansion,  which  is  approximately 

a<lial»atie '•'■.  i>  r.irrieil  mil  wiiliin  lliis  annular  c*i>nij«u'inu*nt  which 

e>senli:iliv  nx'iiiMfS  a  siniplt*    <livt* rixt^nt    slcaiii    nozzle.     Then*  i^ 

this   tlitVeiviier.  lH»\\evt'r.  that  whereas  in  a  n(»zzle  the   heat  vwr^J}' 

of  the   workinii   -tram  is  expanded   upon    itself  in  prcKlucini;  hi^jh 

velocities  of  etHux,  in  the  West inj^house- Parsons   turbine  the  total 

enenn',  <lue  to  exiwinsion  l>et\veen  ]>ressure  extremes,  is  sulxlivicW 

into  a  nunil>er  of  steps.      In  each  step  the  dynamic   relationship  ^'i 

jet   and   vane   is   such   as   to   secure  a   comparatively  low  averafl^* 

velocity  from  inlet  to  exhaust,  this  generally  varyino;  from  loO  ft^t 

ptM-  second  as  a  minimum  at  the  high  pressure  end  to  about  000 

feet  ]>er  second  as  a  maximum  at  the  low  pressure  end. 

The   result  is  of  the  utmost   importance.      AVith    high  steam 
velocities,  excessive  surface  speeds  are  encountered,  causing  serious 
losses    from  tluid    friction    and   rapid   deterioration    of  parts   from 
erosion.      AVith  low  steam  velocities,  commercial  speeds  are  readily 
()l)taine<l,  friction  loss  is  greatly   reduced,  and   the  depreciation  of 

*  /...,  No  hfiit  Is  lakeu  in  or  giv.-n  out  by  the  steam  cycle. 


^K»S^ 


.^iiii\AR'^ 


Uj^^sB^ 
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the  turbine  from  practically  tlie  only  source  of  wear  becomes  inap- 
j>reciable. 

The  ex|>ari8ion  of  steam  at  any  one  element  is  typical  of  its 
working  throughout  the  turbine.  Each  element  consists  of  a  rincr 
of  Stationary  and  a  ring  of  moving  blades.  The  former  jrive  direc- 
tion and  velocity  to  the  steam;  while  the  latter  immediately  con- 
vert the  energy  of  velocity  into  useful  torque.  The  total  torque 
n{)on  the  shaft  is  due  both  to  impulse  of  steam  entering  the  mov- 
ing blades  and  to  reaction  as  it  leaves  them. 

A  condensing  steum  turbine  in  o[K*nition  affords  a  striking 
example  of  the  conversion  of  heat  into  work.  The  temj)erature  of 
the  cylinder  falls,  within  a  distance  of  three  or  four  feet,  from  3()o 
degrees  Falirenheit  at  the  high  [)ressure  end  to  llo  degrc^es  at  the 
exhaust  end,  when  working  with  150  pounds  of  steam  pressure  and 
27  inclies  vacuum.  These  temperatures  remain  constant  during 
operation.  There  is  no  alternate  condensation  and  re-evaporation 
as  in  the  piston  engine. 

Construction.  The  Westinghouse-Parsons  turbine  in  effect 
consists  of  but  two  essential  elements — a  casing,  stator  or  station- 
ary  part,  and  a  rotor  or  rotating  part.  A  brief  detailed  descrip- 
tion follows: 

RotntiiHj  Element,  Tlie  rotating  element  is  l)uilt  up  of  cast- 
steel  drums  carrying  rows  of  blades  or  vanes,  these  l)eing  mounttnl 
on  a  steel  shaft.  These  drums  an^  arranged  in  thrive  steps  of  in- 
creasing diameters,  but  the  st^lection  of  thret*  diameters  is  merely 
for  mechanical  convenience.  Provision  for  the  proper  ex])ansion 
of  the  steam  might  be  nuide  whether  ther^»  be  one  or  several  diam- 
eters. If,  however,  a  speed  and  diameter  of  rotor  l)e  selected 
that  would  permit  of  a  convenient  size  of  blades  at  tlie  outlet,  those 
at  the  inlet  would  become  inconveniently  small,  and  en-,'  r,  r.stf. 
By  varying  the  drum  diameters  at  several  convrnieiit  ])oints,  the 
proper  velocity  relations  betwetMi  steam  and  vane  nuiy  bo  jnvserved, 
and  at  the  same  time  the  number  of  diiferent  sizes  of  blades  may 
be  reduced  to  a  miiMmum. 

Opposed  to  the  three  sets  of  Idades  the  spindle  also  carries 
three  rotating  balanc^^  jnstons  P,  each  of  such  diameter  as  to  exactly 
balance,  by  means  of  the  ])assages  E,  the  axial  thrust  of  the  steam 
against  its  corresponding  drum  of  blades.     These  balance  pistons 


283 


-ry.^M  TrKP.iNi: 


..  .1 


•'.  .  •. 


> . .' 


-  ..r-  :  '-'V ;.■.-,!  witli   fri 

■>  ;i  :i:':.  f«»r  tlit:*   stua 

...     -.       i  ;.•-  j-:!:!!!    also   i 

:.. f. ■:.■■. M- ■  -..    i'.«:-:i!*:tlirr.s 
i  :. —   '.•.'■■.ir.i::i'r>  iiia> 
■   -:r[  ■".'.-:. 'V.      I:;  a^'tual 


•  .         k       a 


\    .  r.-.j-  i»:    it.ail^ 

■. .  :.  .•  :■  >  ■iivi'lti; 
:  :..•-   ■■  'Vi-r  a.!  tin* 


_  •■.--.*       .  •'lot;-*      t 


.   .     I 


•.m:. 


..  ■  «■..■ 


A': 


rv    • 


.  V 


..  ^ 


.,., 


I>-..-."  . 


•      .  I 


■     ■ .  ■  k 


7SA 


STEAM  TURBINE  13 


order  to  permit  the  spindle  to  revolve  upon  its  gravity  instead  of 
its  geometric  axis.  This  ex|)edient  is  desirable  to  absorb  the 
vibration  which  occurs  while  the  turbine  is  passing  its  critical 
speed.  The  bearing  consists  of  a  nest  of  loosely  fitting  concentric 
bronze  sleeves  with  sufficient  clearance  l)etween  them  to  insure 
the  formation  of  oil  films.  These  form  cushions,  permitting  a 
certain  amount  of  vibration  of  the  shaft,  but  at  the  same  time 
absorbing  and  restraining  it  w^ithin  narrow  limits.  In  the  larger 
sizes  of  turbines,  however,  and  in  fact  for  all  machines  running 
below  1,200  revolutions  per  minute,  the  flexible  bearing  is  not 
necessary.  Instead,  a  split  self-aligning  bearing,  lined  with  anti- 
friction metal,  is  used  as  in  ordinary  forms  of  moderate  speed 
machinerj\ 

Lubrication.  In  the  Westincrhouse- Parsons  turbine  the  bear- 
ing  surfaces  are  so  liberally  proportioned  that  the  entire  weight  of 
the  rotating  element  is  supported  upon  a  fluid  film  of  oil  through 
capillary  action  alone,  and  without  the  use  of  oil  under  high  pres- 
sures. A  small  pump  driven  from  a  worm  gear  upon  the  shaft 
circulates  oil  through  a  closed  lubricating  system,  comprising  in 
the  order  of  their  arrangement  -pump,  oil  cooler,  bearings  and 
reservoir.  The  oil  is  always  supplied  to  the  bearings  at  the  point 
of  least  pressure;  that  is,  at  the  top  of  the  shell,  from  which  it  is 
distributed  around  the  shaft.  The  pressure  upon  the  fin  id  films 
is  due  simply  to  a  static  head  of  one  to  three  feet  of  oil  sufficient 
to  insure  thorough  flushing  of  the  bearings.  It  is  probable  that 
the  shaft  never  comes  in  actual  contact  with  tlie  bearings  but  is 
Separated  by  the  oil  film,  as  is  evidenced  by  the  preservation  of  the 
original  tool  marks  upon  the  interior  of  the  shell  after  years  of 
Vise. 

Governor.  Steam  enters  the  turbine  in  puffs,  not  in  a  con- 
tinuous blast.  Speed  regulation  is,  therefore,  accomplished  by 
proportioning  the  duration  of  the  puffs  to  the  load.  This  is  done 
by  means  of  a  small  pilot  valve  actuated  directly  by  the  governor 
and  which  controls  the  steam  supply  through  the  main  poppet 
admission  valve.  When  the  turbine  is  in  operation  the  main 
poppet  valve  is  continually  opening  and  closing  at  uniform  inter- 
vals, but  the  periods  during  which  the  valve  is  allowed  to  remain 
open  are  proportioned  to  the  load  on  the  turbine.     At  light  load 
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the  valve  opens  for  a  very  short  period  and  remains  closed  dnring 
the  greater  part  of  the  interval.  As  the  load  increases  the  period 
lengthens,  until  finailY,at  ahout  full  loiid,  the  valve  does  nut  rrach 
its  Beat  at  all  and  continuous  pressure  is  obtained  in  tho  higli 
preBsiire  end  of  the  turbine.  On  the  load  l)ecoming  further 
increased  an  auxiliary  or  secondary  valve  begins  to  ojien  and  to 
admit  steam  to  the  annular  space  at  the  beginning  of  the  inter- 
mediate) drum  of  the  rotor  wlicre   the  worl;iiig  steam  areas  are 


.'iv:it.T.  Tills  iniT.':is.>>  in  ]irn],<iriiun  the  tt.liil  power  of  tin- tur- 
liin-.  Till-  (i]«'r;iliuii  of  lliiH  s.-r..n.l;iry  po|i|).'t  valve  is  tlie  Mnie 
IS  thut  iif  liio  iii:uii  inliiiissiiiu  viilvo,  so  that  the  guvertior  auw- 
iialiciilly  c.iiilroiri  liie  power  nii.l  s-iKt-d  of  the  tnrbine  from  no 
•  >:,-\  to  sii.-h  ou-ihmil^  its  iire  UMuilly  lu-vond  tjie  limits  of  gt-mTiit- 
11^'  ;i|>|«iraturi  built  on  iiuniiiil   ratings.     The  turbine  also  o]nTiiie8 

[[  its  /-.''  ,.:.„ yat  or  iii-ar  full  rated   load,  although  posses^iufT 

It  ilu'  r-aiiie  time   !;,r^',-   ovi-rload   cajiacily  with  ivmarkably  liigli 
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The  8|)ee<l  of  the  turbine  while  running  may  he  varieil  witliin  the 
limits  of  the  governor  spring  by  grasping  the  knurled  hand  wheel 
at  the  top,  when  the  spring  and  tension  nuts  may  be  brought  to 
rest.  Adjustment  of  the  sj)ring  tension  may  then  be  made.  This 
feature  is  particularly  useful  for  synchronizing  the  speed  of  alter- 
nating current  generators  operating  in  parallel  and  for  distributing  • 
the  load  between  them  when  so  operated.  The  figure  shown  illus- 
trates diagrammatically  the  connection  between  the  governor  and 
the  pilot  valve.  Variations  in  the  sjK'ed  change  the  height  of  the 
fulcrum  of  the  lever  on  the  governor  spindle,  which  in  turn  varies 
the  throw  of  the  pilot  valve  relatively  to  the  valve  port.  This  con- 
trols the  main  valve  and  steam  admission  as  above  stated.  Recip- 
rocjiting  motion  necessary  to  operate  the  mechanism  originates  in 
an  eccentric  driven  by  the  turbine  from  a  worm  on  the  main  shaft. 

SjH't'd  Limit,  On  the  larger  size  turbines  an  automatic  cen- 
trifugal speed  limit  governor  is  provided  which  instantly  shuts  oil 
the  steam  suj)ply  if  a  predetermined  excess  of  speed  above  normal 
should  be  reached. 

CifUjdtitg.  A  flexil»]e  sleeve  couj)ling  connects  the  turbine  to 
its  generator.  Either  machine  may  thus  be  dismantled  without 
disturbincf  the  remaininir  adjustments. 

The  De  Laval  Steam  Turbine,  which  dates  ])Hck  to  1882,  and 
lavs  claim  to  be  the  pioneer  of  practical  steam  tur])ines,  was  first 
constructed  by  Dr.  Gustaf  de  Laval,  of  Stockholm,  Sweden.  His 
first  turbine  was  of  the  reaction  type  and  was  used  in  conjunction 
with  his  world-famous  Oream  Separator.  In  1888  he  built  a  tur- 
bine  of  the  single  impulse,  free  jet  type,  which  differs  only  in  im- 
provement  from  the  engines  of  the  present  time.  The  De  Laval 
turbine  has  only  one  set  of  vanes,  and  one  set  of  expanding  nozzles, 
in  which  the  complete  expansion  of  the  steam  takes  place  in  one 
operation,  resulting  in  a  high  velocity  jet. 

The  kinetic  energy  of  the  jet  is  successfully  utilized  by  using 
high  vane  speeds,  easily  attained  by  mounting  the  turbine  wheel, 
which  is  of  special  design,  to  withstand  the  centrifugal  strains 
developed  at  that  speed,  on  a  flexible  shaft,  /.<:'.,  a  shaft  of  such 
dimensions  as  will  allow  of  the  wheel  rotatincr  about  its  center  of 
mass,  in  place  of  its  center  of  sphere.  This,  the  '* critical  speed", 
usually  takes  place  at  about  one-sixth  of  the  rated  speed.     The 
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o^j»'l•t  aii-iiru.-'l  i-  :l::i:  ;*"  vi'iritin!!-  «luf  li  inie«|iial  lwlaiu*iiitj«li>- 
apjir-ar  on  rt-:ii-h-:ii;  th:-  p»:!i:.  It  inm  lie  iiott^  by  anyone  who  i> 
startincr  up  a  I>c  I-:ival  iiirr»ine.  liy  the  sudden  quietintj  which 
takes  plar»*. 

Tlir  wlrK'ity  of  the  >u*ani  jt- 1  Ijeintj  ^ven,  and  with  the  nozzles 
at  an  antrlt*  of  'J' » detrrif.-  t«»  tlie  plane  of  the  buckets,  the  velocity  of 
tlie  turbine  wbti-l  should  lie  47''r  of  the  velocity  of  the  steam.  Tlie 
absolute  vt'bK'itv  of  tlie  steam  leavintj  the  buckets  is  then  34 '^^  of 

tii«-  initial   Vfl<K-itv.  and   th»'   fnnnuia — . -.- where  > 

and  V  an\  re>]»e«-:ivflv.  the  initial  and  final  velocities,  will  give 
the  theon-tiral  -ti-;i!ii  (••)nsninptioii.  With  au  initial  velocity  of 
4JMMI  ft.  jK-r  ^.T.  thi<  wouM  Ik.»  1».1  11)6.  |K»r  horse- jx)wer. 

Pnictiral  rnnsiilt'nitions.  however,  confine  the  De  Laval  wheel 
t«»  a  lower  [wripht-nil  sjhi-<1.  /.' ..  aUuit  1,8^0  ft.  |)er  sec.,  in  place 
of  l.^*^'\  a-  it  .-luMiM  be  in  the  ca.se  just  given.  Tliis  gives  h 
theoretieal  cnii-uniprhtn  of  *.^^  in  place  of  IM. 

The  bucki-ts  an*  separately  drop. for^^ed,  and  are  fitted  into  the 
wheel  bv  nu'.uis  of  a  bulb  shank  fittincjf  into  a  corre8|K)ndiug  slot 
iiiilltMl  in  tlir  \vli"'i']. 

Tli«-  .-tram  no/./lr-  air  «»f  bn»nze,  except  where  high  8U|)erheat 
is  used,  wln-ii  ii:ckrl  .-tr*!  i<  ^u^-tilu{^Mi.  The  nozzle  section  nat- 
11  rally  varir>  w  ith  tlir  .-rra!ii::i«MMnnlilions,  /.' .,  hitrh  or  low  vaciitiin, 
and  lii'di  <n*  Imw  -tram  nif<sni-r>,  a  ufivattT  dive rije nee  I H'intr allowed 
for  tlir  hjoh  prrs-urrs  and  liiu^li  vacuuins. 

lly  (•Io-ini»"  sonn*  of  tlirse  iioz/h's  on  a  steadv  liilht  load,  the 
tlii'otirnMi^  ell'rrt  of  tlir  >tram  is  so  tliuM'east^l  as  to  cr\ve  excellent 
(•tli<'irncirs  on  lijjlit  loads. 

Tlir  o-raiMii""  i-  of  lirliral  dr>i»ni.  as  is  seen  in  tlu^  aecoiniwinV- 
iiiji"  lijjurr.  wliirli  .-hows  a  1  10  II. P.  turbine  dynamo  with  wy]*"^ 
half  of  (rrar  ca.-r  and  lifM  franir  nMii()ve<l. 

Tlir  lijrh  sprrd  .<liaft  bcarinj^s  are  all  lined  with  special  Iii*l'' 
spM'd  metal,  and  aiv  oiled  by  (rrayitation  ftvd,  the  oil  beinir  u^'**' 
ovrr  and  o\rr  in  coniinuous  cyclr.  Tlu»  low  S})ee<l  In^ariiitr^  fire 
oilrd  automatically  by  rino;.-. 

The  sprr<l  ooVfiMiino'  is  prrfomicd  by  a  centrifugal  governor 
placril  on  a  low  s|»rr(l  shaft  ami   operating  on  a  balancetl  valve. 


2»^ 


SI£OI  TTHBINE 


Ix  Md:i3t«&  lo  tius  meuiE  of  eootixiL  an  air  valve  is  placed  on 
die  vlRifc-!!  eiiftr.  c^it-TUt«d  bv  dMf  governor  above  a  certain  8[ieed, 
irniki:  acr  iiiio  dar  viM«:]  ease  and  thereby  producing  a  braking 

at  iLr  irLfirL 

Tbc-  maiiena]  niieKi  in  the  eoustmetion  of  the  De  Laval  turbine 
i»  colIt  ciff  a  LSfb  cradr.  The  irhtiel  case  is  of  cast  steel;  the  tur- 
bine "vikvZ  and  fhafx  of  foff^gied  nickel  steel;  the  gear  wheels  of  cast 
irM^xu  "wiiix  a  suljd  $iic^l  rim  pot  on  by  hydraulic  pressure. 

Tbe  Dr  Laval  socttin  turbine  is  used  on  all  forms  of  h\a\\ 
^;«c^cd  irork.  aud  :s  efjtecially  adaptable  for  direct  connection  to 
f3t<3i>c  s^ZirTMioTs  \<ch  alic-matin^  and  direct  currents  for  cen- 
infns:*^  j*>i:tuj«.  kiA  for  air  or  gas  blowers. 

Ti>r  IW-  Lara]  f:««m  lurbine  will  work  under  all  existing 
CH.»:idh:oa?  fr»>ai  •>•  ]lt^-  non -condensing  up  to  2-jO  lbs.  and  over. 
i>*>ira*:ni::  ihr  livizzi^  na'u rally  being  made  to  suit  the  partic- 
u'.ar  oiKj*i !::•.•:- f- 
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REFRIGERATIOR 


Refrigeration  may  be  defined  as  the  process  of  cooling.  It  is 
aitificially  or  mechanically  performed  by  transferring  the  heat 
contained  in  one  body  to  another,  thereby  producing  a  condition 
commonly  called  cold,  but  which  is  in  fact  an  absence  of  heat. 
This  transfer  of  heat  is  most  rapidly  and  economically  accomplished 
by  evaporation,  but  before  considering  the  apparatus  used  a  few 
important  definitions  should  be  reviewed. 

Unit  of  Refrigeration.  The  unit  or  basis  of  measurement 
of  refrigeration,  is  the  unit  of  heat,  and  in  the  United  States  and 
England  is  "the  British  thermal  unit  (B.  T.  II.)  which  is  equiva- 
lent to  raising  or  lowering  the  temperature  of  one  pound  of  water 
1°  Fahrenheit  when  at  or  near  00'^  Fahrenheit. 

Specific  Heat.  Specific  Heat,  or  capacity  for  heat,  is  the 
relative  capacity  of  a  substance  for  heat,  and  is  stated  or  expressed 
relative  to  that  of  water,  since  water  has  the  greatest  heat  capacity 
of  any  known  substance  except  Hydrogen. 

Latent  Heat.  When  a  body  changes  from  a  solid  to  a  liquid, 
or  a  liquid  to  a  gaseous  state,  a  certain  amount  of  heat  must  be 
supplied  to  it  in  order  to  effect  the  change.  This  amount  is  called 
its  latent  heat,  and  is  expressed  in  thermal  units.  Thus  we  have 
in  the  melting  of  one  pound  of  ice  a  latent  heat  of  142  thermal 
units,  and  we  understand  by  this  that  in  order  to  melt  a  pound  of 
ice  it  mustr absorb  into  itself,  in  making  the  change,  1J:2  B.  T.  II., 
or  the  equivalent  of  one  pound  of  water  changing  142  degrees 
Fahrenheit. 

Units  of  Machines  or  Plants.  The  unit  (or  capacity)  of 
refrigerating  plants  is  ordinarily  stated  in  tons,  that  is,  the  equiva- 
lent of  so  many  tons  of  ice  (of  2000  pounds)  at  32''  F  melted  into 
water  at  32°  F.  The  unit  is  equivalent  to  142x2000=284,000 
British  thermal  units. 

Thermometers.  For  ordinary  use,  a  mercury  tube  having  a 
f^radnated  surface  or  scale  at  its  back  with  a  bulb  at  its  lower  end 
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tmA  rwliiiiiag  %  qoantitj-  of  memiif  la  tued  to  danote  tin  ton- 
pctataivaf  its  SBiTDQDdingB. 

Two  diffeivat  tnlot  are  eommonl j  need  in  tita  nfriganribg 
laJwOin:  As  Fahtenlieit  and  Beanmer.  The  Centignds  or 
FwA  aliadarl  is  used  for  ebemicsl  or  technical  pnipoMi.  In 
Ae  I'^tod  States  and  England  the  Fshrenheit  scale  is  genmllj 
HKVfitod  M  standard  except  in  breweries  vhere  the  Oeimsn  a 
Bwwr  aeale  is  qnite  often  found. 

TW  Fiincakett  scale  is  divided  la  such  manoer  tlut  tba 
bodi^  {wtDt  of  nier  at  at- 


mi.«pbme  praesnre  is  212^ 
and  Ae  frwsing  pcunt  SP. 
It  u  tud  that  0  F  was  the 
lowMt  tmnperalBn?  Fahivn. 
hvit  «»  abl«  to  prodnce  br 
tbe  melting  of  i<%>  hr  salt. 

Tbe  Reanmcr  ^eaU'  i:$  jrrad- 
nalvd  br  nt^kint*  iti^  kiiling 
|vint  i>(  «-a!<>r  M>'  while  the 
fny>;i:isr  [>'■;-.:  ;?.•»;  ( ' . 

T!tt'  Centigrade  h:i:>  the 
f:w;-:ii:  is'i:.:  of  ws;<r  at  (»' 
,is  llu'  Kfs-.i:i-.i  r.  wliile  the 
!v:'!:!i:iv>-.:it  is  -v^l  st  100\ 
TliU  snuluatiivi  i;!  t_v{U':il  of 
ttu>  Fix'iU'h  svptiv.i  of  meas. 


Rg.1. 


Ill 


Til  tnlIK-[l.>:'0 

Ij't  US  now  t:i 
u'iih  wliii-li  nltriost 


o  toinjiemtiiiv  of  one  st-ale  to  that  of  the  otben 
\v::i  U'  fiiuiiil  convenient. 
>  :m  illustration  from  a  branch  of  engineeiing 
virv  Olio  is  familiar. 


I  r  wo  iilaoo  It  l:1:iss  of  wnttT  in  contact  vrith  heat  at  a  tempei- 
nturo  of  '21'^'  F  op  more,  htiit  will  pass  from  the  eoarce  and  be 
al»jHirU-<l  by  tho  water  until  its  own  temperature  reachea  thitof 
~1C\  aftor  wliii-h  ovajKinition  of  the  water  commences  and  con- 
tiniies  until  tho  wator  lias  all  Us'u  transformed  into  steam.  During 
this  time  an  amount  uF  heat  corres|>onding  to  this  dnt^  has  bees 
transferred  from  the  source  of  heat  to  the  water  and  its  vaptf 
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called  steam.  This  process  U  fumiliar  to  all  engineers,  in  the 
Bteatn  boiler,  and  is  similar  to  that  of  refrigeration  as  ordinarily 
applied,  except  that  the  one  is  going  on  at  or  above  a  temperature 
of  212'  F  (the  boiling  point  of  water)  while  refrigeration  is  accom- 
plished by  the  evaporation  of  a  liquid  having  a  boiling  or  evapor- 
porating  point  safiiciently  low  to  obtain  the  desired  temperature. 

Agents.  Among  the  most  commonly  used  agents  for  obtain- 
»ng  artificial  refrigeration  may  be  mentioned  Ammonia,  Carbonic 
■^cid,  Sulphur  Dioxide  and  Compressed  Air,  the  first  named  being 
too  most  generally  used  and  approved,  while  the  others  have 
advantages  for  use  on  ship-board  and  other  places  where  the  fumes 
*^'  ammonia  would  prove  objectionable.  Ammonia,  however, 
^J^Jiears  to  present  the  most  favorable  qualities  for  general  use, 
^'^^l  will,  therefore,  bo  the  principal  agent  considered. 


'■';  '■). 


Of  the  two  types  of  ainmoniu  niacbines,  tiiu  absorption  and 
**^  compression,  the  latter  will  be  the  first  described.     Tli 


tl 


"V-e  process  of  refrigeration  is  represented  by  a  glai 


primi- 
or  ri'ceptacle 


*»  "^ig.  1)  in  which  a  quantity  of  anhydrous  iiininonia  is  placed,  and 
^'"liich,  BO  long  as  Its  own  temperature  ajid  that  of  its  surround- 
ings remain  at  or  above — 2S°  F  or  2S'  below  zero  (its  boiling 
tKiint)  will  continue  to  take  heat  over  to  itself,  and  therefore  con- 
^'  «iue  to  evaporate  and  produce  a  cooling  ciTi-ct  iijion  its  Kurround- 
■■*>gs,  or  what  is  commonly  known  as  refrigt-rariun  in  the  body  or 
^Xjbatance  with  which  it  is  in  contact. 

Id  Fig.  2  we  have  such  a  receptacle  to  which  is  attached  a 
'imm  or  flask  filled  with  the  refrigerating  agcul;  if  it  were  possi- 
tfcle   to  procnre  a  cheap  volatile  liquid,  having  a  sufficiently  low 
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boiling  or  evaporating  point,  the  complex  systems  of  refrigeration 
would  be  reduced  to  the  above  parts,  or  equivalent  simple  system. 
The  system  would  consist  of  an  evaporator,  and  a  receptacle  for 
the  refrigerant,  with  a  connecting  pipe  between,  provided  with  an 
expansion  valve  to  regulate  the  flow  of  the  liquid  to  the  evaporator. 
The  cost  of  ammonia  or  the  refrigerating  agent  renders  this  waste 
impracticable,  at  least  at  the  present  time;  and  to  make  refriger- 
ation a  commercial  success  it  becomes  necessary  to  recover  and 
put  in  condition  to  be  used  again  the  gases  arising  from  the  evap- 
orating  ammonia.  We  have  seen  how  the  ammonia  absorbed  a 
certain  amount  of  heat  from  its  surroundings  during  evaporation; 
it  is  evident  that  this  heat  must  be  taken  from  it  before  it  can  be 
again  effective  as  a  refrigerant,  and  for  this  purpose  the  com. 
pressor,  condenser  and  other  adjuncts  to  the  plant  are  required. 

The  gas  pump  or  compressor  is  the  means  employed  to 
recover  and  compress  the  gas  from  the  evaporator.  In  order, 
therefore,  to  continue  the  process  of  refrigeration  in  a  commercial 
manner,  it  becomes  necessary  to  connect  to  the  evaporator  and 
ammonia  tank  shown  in  Fig.  2,  a  gas  pump  with  its  engine  or 
other  form  of  power.  This  is  illustrated  by  Fig.  3.  The  top  of 
the  evaporator  is  closed  and  provided  with  a  connecting  pipe  to 
the  compressor;  upon  the  downward  stroke  of  the  compressor 
piston  the  gas  from  the  evaporator  follows  and  fills  the  cylinder 
above  the  piston,  and  upon  reaching  the  bottom  of  its  stroke  this 
valve  is  closed  by  a  spring,  preventing  the  return  of  the  gas  to  the 
evaporator.  The  return  or  upward  stroke  of  the  piston  discharges 
the  gas  through  the  outlet  valve  and  pipe. 

Having  described  the  evaporation  of  the  ammonia  and  re. 
covery  of  its  gases  by  the  compressor,  we  now  supply  the  apparatus 
necessary  to  extract  the  heat  with  which  it  is  laden,  and  thereby 
cause  it  to  resume  its  initial  state  ready  to  again  enter  the  evapo- 
rator and  continue  the  cycle.  The  apparatus  referred  to  is  called 
the  Ammonia  Condenser.  Fig.  4  illustrates  its  construction  and 
connection  with  the  balance  of  the  apparatus. 

The  discharge  of  the  ammonia  gas  from  the  compressor  is 
continued  through  the  pipe  E,  the  oil  separator  F,  and  into  the 
condenser  C,  which  is  composed  of  a  series  of  pipes  over  which 
water  flows  to  take  up  the  heat  given  out  by  the  compressing  of 
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-::-  ^kt.  Bui  vri-i^iL  r/miitnr-L  tdtic  eaaas  Sie  cif  to  Uqoifr  Kod 
Si'T  ^T'JS.  Si-   I-TTl-,:;  1l2»-  u!  ^Itr  KmOtlUrK?  SJ^'^ilh  the  pij*  H  to 


-    ■..  -  ■-   ■.-::.-.;_.  ;:  :-::    :.  ^:.i  ov.=i;-;:ia::oa  of  tiie  itrvt"' 
;  -.r  ■  :    -■;.:.„-■    :i.r  r  :.-;j^r-.:::._-  i  ";iu;.  aud  a^  llie  f^apontoris 

'':-■■   ■     ...'■.:■'.        ■:  :  .-::  r.f  ;: -_    -v:^:f::..  let  Cs  trst  consider  tlii* 

EVAPORATORS. 

£va|wrat'jr=  may  be  <UviJt-J  imu  two  classes:     The  first  H 
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operated  in  connectioD  with  the  brine  system.  In  this  evaporator 
salt  brine  (or  other  Buhition)  is  reduced  in  teniperiiture  by  the 
evaporation  of  the  ammonia  or  other  refrigerant  and  the  cooled 
brine  circulated  through  the  room  or  other  pointa  to  1k)  refriger- 
ated. In  the  second,  the  direct-expansion  system,  the  ammonia 
or  refrigerant  is  taken  directly  to  the  jjoiiit  to  he  cooled,  and  there 
evajwrated  in  pipes  or  other  receptacles,  in  direct  contact  with  the 
object  to  be  cooled.  ^Hiich  of  the  two  systems  is  better,  is  a  much 
disputed  and  debated  point;  we  can  state,  in  a  general  way,  that 


Fig.  5. 
both  have  their  advantages,  and  each  \a  adapted  to  certain  classes  of 
dnty. 

The  cooling  of  brine  in  a  tank  by  a  series  of  evaporating 
coils,  (one  of  the  earliest  Tiethods)  is  common  to-day.  A  descrip- 
lion  of  the  many  methods  of  conBtnietion  and  etpiipment  would 
■■equire  much  space.  Let  us,  therefore,  discuss  the  two  most 
f*encral  types  only,  viz:  the  rectaugular  with  flat  coils,  and  the 
circular  with  sjiiral  coils. 

Fig.  5  shows  a  sectional  view  of  a  brine  tank.  Flat  or  zig- 
zag eva|>orating  coils  are  connected  to  manifolds  or  headers;  tho 
pipe  connections  leading  to  and  from  these  manifolds  for  the 
proper  aupplying  of  the  liquid  ammonia  and  the  taking  away  or 
MtnrD  of  the  gaa  to  the  compressor  are  also  shown.     For  coils  of 
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lliis  type,  l-inch  or  l|-inch.  pipe  is  preferable,  owing  to  the 
:mpo><Ibi!:TT  of  W Dding  larger  sizes  to  a  small  enough  radius  to 
i^-t  iLe  rt>;u:rt-d  amonnt  into  a  tank  of  reasonable  dimensions.  It 
is  f«c\s5r:»!r  :o  niakf  coils  of  this  construction  of  any  desired  length 
or  nT:ir.bi-r  of  pi}«c^  to  the  coil,  *'pipe^  l^igl^j"  the  bends  being 
from  81  irivbt-5  to  4  inches  centers  for  1-inch  pipe,  and  4  inches 
to  5  inohi-5  for  1^-inch  pipe.  It  is  preferable  to  make  the  coils  of 
mcJrrate  Iriii^h,  t  not  It-ss  than  150  feet  in  each)  and  there  is  no 
dij^^drantaije  otht-r  than  in  handKncr)  in  makincr  them  to  contain 
up  to  ol«»  or  r.<«'»  ftx't  each.  It  will  be  observed  that  there  is  a 
sliiiht  downwaivl  ]iitch  to  the  pipt^s  with  a  purge  valve  at  the  low. 
e>t  jxv^nt  of  iVif  *^ttom  manifold,  which  is,  undoubtedly,  valuable 
and  an  almost  nc\v>>:iry  j.rovision.  This  valvo  is  for  removing 
fort- iixn  matur,  whiih  may  enter  the  pijK^s  at  any  time,  and  by 
ojx^ning  tlu^  vri'\e  awi  dmwiiig  a  portion  of  their  contents,  the 
condition  of  c:r:v.Ki:u^-s  caii  be  determined  without  the  necessity 
i»f  ?huni:.ir  U'^\\n  and  renidvinij  the  brine  and  ammonia  for 
in>j>ivtion.  The  coils  are  usually  strapjXHi  or  bound  with  flat  bar 
iron  alH>r»:  \  i:io!i  ;  2  irulus  (^or  a  little  heavier  for  the  longer 
ooi!>i  :r.  i  '••  «'.:■  1  t  •j:t  :]i -r  \v::li  -^.-ineh  squarc-head  macliine  bolt3 
The  ev>:l<  :r  <.'  }•:;:!. :--'l  v':h  St>:ne  giunl  water-proof  or  iron  paint. 

Th«^  }•:::. e  :;.:.k  i-^  r.-;i:il!v  eonstrnetiHl  i»f  ir()n  or  steel  plate?, 
varviiii^  f:-*:!!  \  i:.>U  t>»  -^  i:i«h  in  thiekness;  the  averatre  being] 
ineli  fi>r  tanks  of  oriiinniy  si/e.  Tlie  workmanship  and  material 
for  a  tank  for  tiiis  |»rir].(»>e  should  bo  of  the  very  best;  without 
these  the  result  is  almost  certain  to  be  disastrous  to  the  owner  or 
huikler.  The  ^j^onmil  i)|)inion  with  iron  workers  (before  theybave 
had  exjKTienee)  is  that  it  is  a  simple  matter  to  make  a  tank  which 
will  hold  water  or  brine,  and  that  any  kind  of  seam  or  workman- 
ship  will  he  oond  t'noujrh  for  the  purpose.  On  the  contrary  the 
greatest  eare  and  attention  to  detail  is  necessary.  It  is  customary, 
and  o-ockI  inactiee,  to  form  the  two  side  edws  at  the  bottom  by 
bentlimr  the  sheets,  theivhy  avoidiiiiX  seams  on  t\\o  sides,  while 
for  the  ends  an  am'le  iron  may  ho  bent  to  conform  to  this  6haj)e 
and  the  two  sheets  then  riveted  to  the  flanges  of  the  angle  iron. 
The  edges  of  the  sheets  should  bo  sheared  or  planed  bevel,  and 
after  rivetinf^  calked  inside  and  out  with  a  round-nosed  calking 
tool.     The  rivets  should  be  of  full  size,  as  specified  for  boiler  coo- 
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struction  and  of  length  suflScient  to  form  a  full  conical  head  of 
height  equal  to  the  diameter  of  the  rivet  and  brought  well  down 
onto  the  sheet  at  ita  edcres.  An  ancrle  iron  of  about  3  inches 
should  be  placed  around  the  top  edge,  and  riveted  to  the  side  at 
about  12-inch  centers. 

One  or  more  braces  (depending  on  the  depth)  should  extend 
around  the  tank  between  the  top  and  bottom,  to  prevent  bulging; 
without  these  it  would  be  impossible  to  make  the  tank  remain 
tight,  as  a  constant  strain  is  on  all  its  seams.  A  very  good  brace 
for  the  purpose  is  a  deck  beam.  Flat  bar  iron  placed  edge-wise 
against  the  tank  with  an  angle  iron  on  each  side  and  all  riveted 
through  and  to  the  side  of  the  tank  with  splice  plates  at  the 
corners  or  one  of  each  pair  long  enough  to  lap  over  the  other 
makes  a  good  brace;  heavy  T-iron  is  also  used  to  some  extent.  It 
is  usual  to  rivet  up  the  bottom  of  the  tank  and  a  short  distance  up 
the  sides,  then  test  by  filling  with  water;  if  tight  lower  to  its 
foundation  and  complete  the  riveting  and  c^-ilking.  It  may  then 
be  filled  with  water  and  tested  until  proven  absolutely  tight,  when 
it  may  be  painted  with  some  good  iron  paint;  it  is  now  ready  for 
its  equipment  of  coils  and  insulation. 

A  washout  opening  with  stop  valve  should  be  placed  in  the 
bottom  at  one  corner;  for  this  purpose  it  is  well  to  have  a  wrought 
iroi  flange,  tapped  for  the  size  of  pipe  required  and  riveted  to  the 
outside  of  the  bottom.  If  the  brine  pump  can  be  located  at  this 
time,  it  is  well  to  have  a  similar  flange  for  the  suction  pipe  riveted 
to  the  side  or  bottom  of  the  tank,  as  a  bolted  flange  with  a  gasket 
is  never  as  durable  as  a  flange  put  on  in  this  manner. 

Assuming  that  the  tank  is  now  absolutely  tight  and  painted, 
the  insulation  may  be  put  around  it,  the  insulated  base  or  founda- 
tion having  been  put  in  previous  to  the  arrival  of  the  tank.  The 
insulation  should  be  constructed  of  joists  2  inches  or  3  inches  X 
12  inches  on  edge  and  filled  in  with  any  good  insulating  material 
and  floored  over  with  two  thicknesses  tongued  and  grooved  floor- 
ing with  paper  between.  In  putting  the  insulation  on  the  sides 
and  ends  of  the  tank,  place  joists  3  inches  X  4  inches  resting  on 
the  projecting  edges  of  the  foundation  about  2  feet  apart.  The 
tipper  ends  should  be  secured  to  the  angle  iron  at  the  top  of  the 
tank,  its  upper  flange  having  been  punched  with  g-inch  holes  18 
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zii^sus  so  14  iii'Wif  omen  a»d  to  vkieh  it  is  vfII  to  bolt  a  plank, 
hk'r.ii£  ra  t^iis^  ip&>tirt  lit  R:«(3iiii«d  distance  to  receive  the 
x':r];i:*  "S-  Brcv-»ra  u«t  Icitfic:^  a?oiizkd  the  tank  blockings  shonld 
\*t  f  ric*i  ::•  =*e«!T.r»r  tLt  fxnt  work  at  the  middle,  as  the  height  of 
i-  n*T  tkz-iif  5f  t>:  £7v«*  lo  depeod  c<i  the  support  at  top  and  bot« 

AfrcfT  iik-  frkzrie  voci  has  licea  properly  formed  and  secured 

zo  zlxT  iikarr  k=f  i  It' c,  lake  l-l^ch  d<M>ring«  longh.  or  planed  on  one 

sji-,  Ill-i  >.ikri  -:•  :•-  iLr  c-'ziisSie  of  the  nprishts,  filling  in  as  the 

^ .rk  ir  •£Tvf?«ri  ttIu.  iLr  iziS'ziIatins  material  which  may  l>e  anv 

ic-r  :f  :1t  «?"iil  ri-Aierlil*,  jTranuIatcd  cork  being  about  the  best, 

ill  tll^^^   !•:•-*■  irrc*i,  alihoTiczh  charcoaL  dry  shapings,  saw-dust, 

-r  :-:lTr  -.:.-.>:- i-:^:>rj  maT  l^  nsed  with  good  results.     'When 

:ir  rr?:  e:. -rf*r  'if  l^.ikr^is  is  in  p.lace  it  is  well  to  tack  one  or  two 

:l:.-ii.r-?fr-f     :    ir>.»i   ir.*TiIa::L^  I^P^^  against  the  outer  surface, 

o-jLTe  l*r::  J  tikri.  u.i:  :he  ji.*:nts  lap  well  and  that  bottoms  and 

-•-  nr-rs   >.>-    r.-.-:   i:.-;    ::inied  under  at   the  junction   with  the 

I:  is  then   in  shape  for  the  final  or  outer 

•  often  made  of  some  of  the  hard  woods  in 

".  .  ..    v%;:::.s,    :..»:.iri;t-ii,    irnxivt-d    and    bt^deil   and 

.  -i  '  iw-  '-<:*r^:  :w   ihe  Njtiuiii  and  iiumldiiiix  at  ^^^ 

.  ..  .:  1  'A.-.-i  r!:/>!i  in  oil  or  varnish.     If  the  tank 

'..*::   ■  :   ::.»:-   ^uiMirii:  in  wbieh  aj»jx*aranee  is  of  no 

-  ■  -.I'-vr   o'urst'   HiUY  l>e  a    rej»etition   of   the  tirst, 

exct-j :  :L  .:  :'.-    •  •^^':^  :tr\*  jii:  un  vertically  instead  of  horizontally. 

I:  is  v.r'/.  :■!  ::.;tke  tLe  :«.»p  of  the  tank  in  removable  sections 

to  fa'-i'.::a>'   rX:~i:;.i:.:i::Mii  or  clfaninjT;    for  this  purjx)se  make  a 

iiuiiilf  r  «'f  -f-t.-::..:.^  al«^»ui  *2i  to  8  feet  wide  of  the  len^nh  or  width 

-  c 

of  the  taiik,  n-i:.jT  joists  about  2  inches  X  0  inches  placed  on 
♦litre,  riiA<j!vd  nwr  top  and  bottom  and  filled  in  with  the  selected 
iij.-ulatintr  niaterial.  It  is  also  well  to  have  a  small  lid  at  one  end 
i){  each  v[irefen\]'iy  over  the  headers  or  manifolds)  which  will 
allow  of  internal  t^xainination  of  the  tank  to  ascertain  the  heigbt 
or  strenirth  of  lirine  without  removint;  the  lari^er  sections.  The 
tank  is  now  fully  equij)j)ed  and  ready  for  testing  and  filling  with 
brine. 

For  a  circular  tank  the  general  instructions  regarding  con- 
struction  and  insulation  may  apply  as  with  the  rectangular  tank 
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just  described;  therefore  only  its  special  featnreB  will  be  consid- 
ered. If  tlie  tank  is  small  and  there  is  sufficient  head  room  above 
it  for  handliog  the  coils  there  cannot  be  serious  objection  to  this 
type  aa  its  cost  is  lower  than  that  of  the  rectangular  tank.  This 
ia  often  an  important  item  in  a  small  installation,  but  when  the 
tank  is  of  considerable  size  and  the  coils  large  it  is  not  as  readily 


Fig.  6. 
handled  and  taken  care  of  as  the  other  type.  The  usual  construc- 
tion of  a  nest  of  coils  for  a  round  tank  ia  to  bend  the  inside  coil 
to  as  small  a  circle  as  possible,  which,  if  it  be  of  1-inch  or  1^-Ineh 
pip©  may  be  6  to  8  inches.  Increase  eacli  successive  coil  enough 
to  pass  over  the  next  smaller  until  the  required  amount  of  pipe  is 
obtained.  The  ends  may  then  be  bent  up  or  out  and  joined  to 
headers  at  top  and  bottom  and  the  tank  insulated  in  the  manner 
previously  described;  it  is  theu  ready  to  test  and  charge  widi 
ammonia  and  brine.     Fig.  6  represents  an  evaporator  of  this  type. 
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Other  constmctions  of  taoke  and  coils  are  too  nnmerous  to  de> 
Bcribe  in  detail,  and  ^ith  one  exception  may  be  properlj classed 
in  one  of  tlie  preceding  types.  The  one  exception  referred  to  is 
illiistrat<.-d  in  Fi<r.  7.  It  is  quite  common  and  is  adopted  for 
large  pi|>e  and  is  often  called  oval,  althongh  not  of  that  shape, 
but  rather  a  combination  of  tbe  flat  and  circular  form.  It  has 
some  good  features;  it  allows  the  maximum  amonnt  of  pipe  io 
the  sniiille.'^t  cpat-e  aud  a  hirge  amount  of  pipe  in  a  single  coil. 
The  Brine  Cooler  at  present  is  a  popular  and  efficient  method 


Owing   to   mechanical 

a  brine  eolation  which 
would  not  freeze,  it  was  aliiiiiduiied  only  to  be  taken  up  again,  and 
with  tho  aid  of  modern  ideas  and  better  material  it  lijis  become 
highly  Buecessfiil.  I'lilike  the  brine  tank  uud  coil  method  of  refrlg- 
cnitioii,  in  which  tbe  iimmonia  is  evajHtnitcd  within  the  coils  while 
the  brine  enrrounils  ibeiii,  the  brine  passes  through  a  series  of 
coils  and  llio  aininunia  evajioratea  within  a  wrought  or  cast  SutU 
surrounding  the  cnil^.     Thus  the  action  is  reversed. 

Fig.  S  is  what  is  known  as  the  enclosed-shell  type  of  brine 
cooler,  A  represeiiliiig  a  cast  or  wronght-iron  shell,  flanged  ateacn 
end,  to  which  heads  are  bolted;  a  tongue  and  grooved  joint  U- 
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tween,  makes  the  closed  cylinder  gas  tight.  B  is  aserius  o 
extra  etrongpipe  coils,  one  with- 
in the  other,  having  their  ends 
project  through  the  beads  and 
joined  to  headers  at  each  end 
M'ith  proper  anions;  a  stop  valvo 
is  snpplied  to  each  coil.  I,oi'k 
nuts  orglands  are  placed  around 
each  coil  at  its  0[>ening  through 
the  heads  and  one  or  more  glu^s 
gauges  with  the  usual  gauge 
fittings  are  tapped  into  the  Bide 
of  the  shell  to  indicate  tlm 
amount  of  ammonia.  Liquid 
ammonia  is  fed  into  the  shell 
by  an  ordinary  expansion  or 
feed  valve  near  the  tower  end 
of  the  shell  at  C  and  the  gas 
taken  off  through  the  opening 
and  pipe  D  to  the  compressor. 
A  purge  valve  E  for  drawing  , 
off  impurities  ia  placed  at  the 
lowest  point  in  the  bottom  he^i 
and  .  second  one  F  for  gas  or 
air  in  the  top  head. 

In  operation,  the  discharge 
pi]>efrom  the  brine  pump  is  con- 
nected to  the  top  header  or  man- 
ifold, and  the  bottom  header  is 
couuected  to  the  main  leading 
to  the  refrigeration  to  bo  per- 
furrued;  the  return  from  the 
cooling  system  is  generally 
brought  toa  medium-sized  brine 
tank  without  coils  to  which  the 
suctioQ  of  the  pump  is  con. 
nected,  thereby  completing  the 
brine  circuit.  The  heat  of  the  brine  passing  throngh  the  coils  is 
the  cooler  is  taken  up  by  tho  ammonia  during  evaporation ;  the 
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gas  is  taken  away  from  the  top  of  the  shell  to  the  compressor,  and 
discharged  to  the  condenser  and  into  the  receiver  to  be  re-used,  as 
with  the  system  illustrated  by  Fig.  4. 

The  advantages  of  the  brine  cooler  over  the  brine  tank  are 
due  to  two  features  of  construction.  The  brine  in  passing  through 
the  coils  is  divided  into  a  number  of  small  streams,  and  while 
flowing  rapidly  through  a  coil  of  considerable  length  is  churned 
to  such  an  extent  that  it  is  all  brought  in  contact  with  the  coil,  of 
which  the  outer  surface  is  exposed  to  the  temperature  of  the  evap- 
orating or  boiling  ammonia,  and  thereby  gives  up  its  heat  much 
more  rapidly  to  the  ammonia  than  in  the  brine  tank.  In  the 
brine  tank  there  is  a  large  body  of  brine  with  scarcely  any  move- 
ment; the  brine  immediately  in  contact  with  the  pipe  may  be  quite 
cold,  but  becomes  warmer  as  the  distance  from  the  pipe  increases. 

The  second  advantage  is  that  during  the  evaporation  of  the 
ammonia  a  violent  ebullition  is  taking  place,  and  if  this  is  confined 
within  the  pipe  coil  a  certain  amount  of  the  liquid  is  carried  for- 
ward by  the  escaping  gas,  and  the  evaporation  within  the  coil  is 
limited.  This  limit  is  reached  when  the  vapor  enters  the  com- 
pressor in  such  quantities  as  co  cause  too  great  an  expansion  in 
the  compressor,  or  when  it  becomes  difficult  to  keep  the  stuffing- 
box  tight,  while  in  the  brine  cooler  properly  constructed,  the  larger 
diameter  of  shell  allows  evaporation  to  take  place  place  up  to 
practically  the  theoretical  boiling  point  of  the  aninionia,  without 
the  liquid  being  carried  forward  through  the  gas  j)ipe  to  the  com- 
pressor. This  permits  a  much  higher  evaporating  pressure  or 
"back  pressure"  as  it  is  commonly  called,  than  with  the  brine  tank 
and  coils.  Also  the  concentrated  or  compact  shape  and  construc- 
tion of  the  cooler  allows  greater  economy  than  the  largo  radiating 
surface  of  the  brine  tank.  The  sides  and  end  of  the  cooler  are  in- 
sulated by  some  one  of  the  usual  methods  and  very  often  lao-o-ed 
with  finished  hardwood  strips,  tongue,  grooved  and  beaded  and 
bound  with  finished  brass  or  nickel  plated  bands. 

Salt  brine  is  commonly  used  in  the  brine  tank  and  coil  form 
of  refrigerator,  but  it  is  unsafe  to  use  it  with  the  brine  cooler 
because  when  passing  through  the  coil  it  may  freeze  and  burst  the 
coil.     A  solution  of  chloride  of  calcium  is  commonly  used,  its 
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freezing  point  being  54'  below  zero  Fahr.  while  salt  brine  is  pne- 
ticallv  0'  Fahr. 

The  second  form  of  brine  cooler  is  what  is  known  as  the 
double-pipe  type,  the  construction  of  which  is  illostrated  in  Fig.  9, 
In  this  ty[je  one  pipe  is  within  another,  the  brine  being  discharged 
from  the  pump  into  one  or  more  pipes  at  A  and  issuing  at  B. 
Til  is  connection  It-ads  from  the  main  to  the  point  to  be  refrigerated 
and  the  ammonia  is  ex[)anded  or  fed  into  the  annular  s|>ace  between 
tile  two  ]>i[)f3,  and  takt-s  up  the  heat  of  the  brine  in  evaporating 
and  issuing  as  gjis  from  the  opening  D  at  the  top  of  the  cooler. 
From  thence  the  ammonia  passes  to  the  compressor  and  through 
the  cycle  of  compression,  condensation  and  return  to  the  liquid 
ammonia  receiver  as  before.  The  ammonia  evaporating  between 
the  two  pi})e3  will  naturally  absorb  as  much  heat  from  the  outside 
surf  act.-  as  from  the  inner  or  brine  if  allowed  to  do  so,  and  it  there- 
fore becomes  necessary  to  insulate  the  outside  of  this  from  exterior 
influences.  As  it  is  practically  impossible  to  cover  the  bends  and 
irregular  surfaces  it  becomes  necessary  to  build  an  insulated  room 
in  which  the  cooler  is  erected.  This  is  commonly  done,  but  some 
authorities  do  not  consider  it  the  most  practical  form.  The 
co(>l(T  \6  e(|ui[)jK'(l  with  the  necee^sary  stands,  manifolds  and  stop 
valves  to  ])roj)(*rly  control  the  action  of  any  one  section  when 
more  than  one  is  used. 

As  witli  tlio  ».-ncIosed  brine  cooler,  previously  described,  chlo- 
ride  of  calcium  l»rine  should  be  used,  as  there  exists  the  same  lia- 
bility to  freeze,  and  it  is  unsafe  to  operate  either  tyj)e  with  the 
ordinary  salt  solution.  These  two  types  of  brine  coolers  and  brine 
tanks  and  coils  are  the  usual  means  of  cooling  or  refrigerating 
brine. 

COMPRESSORS. 

The  next  stej)  in  the  process  is  the  recovering  of  the  evaporate, 
aniinonia  and  its  return  in  liquid  form.  Compressors  may  be 
divided  into  two  principal  classes, single  acting  and  double  acting; 
and  each  class  subdivided  into  vertical  and  horizontal.  Thev 
are  of  the  vertical  type  if  single  acting,  and  of  both  vertical  and 
liorizontal  if  double  acting,  although  the  majority  of  the  double 
aeting  are  of  the  horizontal  type.  Machines  may  also  be  classed 
according  to  the  form  of  driving.     The  engines  used  may  be  hurl 
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:ontal  or  vertical,  and  within  this  classification  comes  almost  any 
nachine  of  modern  build. 

Fig.  10  illustrates  the  vertical  single-acting  type  of  com. 
jressor,  two  in  number,  in  combination  with  and  driven  by  a 
lorizontal  Corliss  engine.  It  embodies  the  necessary  and  usual 
requisites  of  an  efficient  gas  pump  or  compressor. 

As  already  stated,  the  function  of  the  compressor  is  to 
recover  the  gas  from  the  evaporator  and  compress  it  into  the  con- 
lenser  at  a  pressure  which  will  cause  it  to  liquify  under  the 
iction  of  the  cooling  water.  It  is  evident  that  the  gas  must 
Follow  the  piston  in  its  downward  stroke  and  fill  the  compressor, 
md  upon  its  reaching  the  end  of  its  stroke  and  the  pressure  being 
balanced,  the  strength  of  the  spring  in  the  suction  valve  causes  it 
to  close  and  the  piston  begins  its  return  stroke.  The  compression 
3f  the  gas  within  the  compressor  takes  place  until  its  pressure 
equals  or  slightly  exceeds  that  above  the  discharge  valve;  it  then 
:){)en8  and  the  compressed  gas  flows  into  the  discharge  pipe 
md  thence  to  the  condenser.  Two  compressors  of  the  single- 
icting  type  are  almost  always  used  in  a  machine  of  this  type,  and 
the  cranks  set  opposite,  or  at  90"*  to  one  another,  so  that  one  com- 
pressor is  filling  and  one  compressing  and  discharging  at  each  half 
revolution  of  the  crank  shaft,  and  the  load  is  acconliii<j^ly  divided 
into  two  units,  either  one  of  which  may  be  operated  independently 
if  necessary. 

As  the  evaporator  is  the  heart  of  the  refrigerating  system,  so 
the  piston  and  valves  are  the  heart  of  the  con)j)ressor,  and  the 
principal,  almost  the  only,  cause  of  difficulty  in  the  action  of  the 
compressor  will  be  found  to  be  in  one  of  the  two. 

In  the  compressor  in  w^hich  the  valves  operate  in  a  cacre. 
there  must  of  necessity  be  a  gas-tight  joint  between  the  bottom  of 
this  cage  and  the  compressor  head  or  piston  in  which  it  is  located; 
this  joint  is  made  in  a  variety  of  ways,  any  one  of  which  will 
prove  effective.  A  square  shoulder  is  cut  into  the  head  with  a 
corresponding  shoulder  on  the  cage  to  match,  and  a  lead  gasket 
ibout  -j^g  to  J  inch  in  thickness  placed  between  the  two.  This 
makes  a  durable  joint,  except  in  cases  where  the  joint  between 
the  two  is  of  such  an  amount  that  the  lead  is  constantly  pressed 
through  (a  disadvantage  of  lead  as  a  gasket  material).     Without 
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one's  being  aware  of  the  fact,  the  gasket  is  gone  and  a  leakage 
exists.  Another  objection  to  a  lead  gasket  is  that  it  compresses 
and  Jcnita  into  the  interstices  between  the  cage  and  the  head. 
This  often  makes  it  impossible  to  remove  the  valve  or  cage  from 
the  head  without  the  aid  of  some  kind  of  a  chain  block  or  tackle. 
Another  form  of  gasket  for  this  purpose,  but  not  popular  from  a 
lack  of  confidence  in  its  permanency,  is  common  lamp  or  candle 
wicking  saturated  with  oil  and  wound  tightly  and  smoothly  in 
the  corner  against  the  shoulder  on  the  cage.  It  is  put  in  place 
and  fully  compressed  by  pulling  down  on  the  valve  cap  until  the 
cage  is  at  the  desired  height.  It  is  good  practice  to  wind  enough 
on  until,  when  the  cage  is  pressed  down  by  hand,  it  stands  about 
Y^g-  inch  above  the  surface  of  the  head  at  the  top;  this  amount  of 
compression  would  make  it  about  even  when  pulled  down.  As 
already  stated,  this  kind  of  packing  is  not  very  popular  on  ac- 
count of  lack  of  durability,  but  it  gives  very  satisfactory  results 
when  properly  applied,  and  the  valve  and  cage  may  be  easily 
removed.  Recently  the  gasket  Las  been  omitted  and  a  ground 
joint  made  between  the  cage  and  the  liead.  Although  its  efficiency 
has  not  yet  been  proven,  from  present  indications  jt  should  be  both 
satisfactory  and  permanent. 

Assuming  that  we  have  made  the  joint  between  tlie  cage  and 
tht>  compressor  head  gas-tight,  we  must  also  be  certain  that  the 
compressor  valve  forms  a  perfect  joint  in  closing  against  the  cage. 
In  a  vertical  compressor,  in  which  the  action  of  the  valves  is  also 
vertical  within  their  cages,  the  conditions  naturally  favor  this  to 
the  greatest  possible  extent,  as  in  closing  they  drop  to  their  seats 
and  it  is  only  necessary  to  provide  for  the  slight  wear  taking  place 
in  the  stems  and  on  the  seats  due  to  the  rapid  opening  and  closing 
of  the  valves.  The  valve  stem  must  necessarily  fit  the  guides  in 
the  cage  as  closely  as  possible  and  still  allow  free  movement,  and 
the  seat  between  the  valve  disc  and  cage  (preferably  made  at  an 
angle  of  45*^)  must  first  be  machined  to  the  proj)er  angle  and  then 
ground  in  the  usual  manner.  Having  made  it  impossible  for  the 
gas  to  pass  the  valves  and  cages,  means  must  be  provided  for 
closing  the  valves  at  the  proper  time  to  prevent  loss,  as  a  valve 
which  is  slow  in  reaching  its  seat  presents  a  double  evil — loss  of 
efficiency  and  improper  or  irregular  action  on  the  balance  of  the 
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maehine.  The  rpnaor  i^  thtr  usual  means  of  opening  the  com- 
prv^ior  ralrtr.  and,  on  the  sncnon  or  inlet,  is  commonly  placed 
tj^t-wcen  the  top  of  the  cage  and  underneath  a  washer  placed  at 
thtr  trad  of  the  stem  and  held  in  place  with  one  or  two  nnts;  it  is 
freijnr-iitly  reinforcvil  with  a  buffer  spring,  or  one  of  greater 
rtrer.crth.  rLoccrh  shont-r  than  the  length  of  the  stems  to  allow  its 
opt-tiiritT  the  f»rv»{«rr  •iistance.  and  then  stopping  the  travel  of  the 
va!vr  iTir-ntlv. 

Valves.      Fi^.  11   illustrates  a  type  of  inlet  valve  which  has 
sior^J  rhr  tr-L  for  vt^rs  and  embodies  many  good  qualities.     The 
ditTtrreDt  [ii'iijti  referrtil  to  are  indicated  by  the  following  letters: 
A.  the  join:  lift  ween  the  cage  and  head;  B,  the  contact  between 
the  valve  dise  and  the  caofe;  C  the  spring  for  actuating  the  valve, 
and   I),  the  buffer  or  stop  spring  to  stop  the  travel  of  the  valve  at 
the  profier  {»oint  of  o|»ening.     In  the  use  of  this  valve  the  require- 
ments are  that  it  shall  admit  the  gas  to  the  compressor  during  the 
downwanJ  stroke  of  the  piston,  and  close  while  the  piston  is  at  the 
liottom  of  stroke  and  the  crank  pin  is  passing  the  bottom  center. 
It    will,    therefore.    l»e    readily  understocxl    that    if  the  spring   is 
strohtr»'r   than    iit-<-r-sarv.  it  will    re<juire  a   certain  amount  of  the 
|>re.-r-un-  of  tlir  tra-   to  overeoine  the  strentrth  of  the  spring,  and 
prevent  the  tilliiiL^  of  llie  eoiiipressor  to  its  fullest   limit.      In  the 
<  losiiit£  of  the   valve   it  would   l>e  driven  with  considerable  force 
a^i^ainst  its  M-at.  v..akinir  a   noise  in  so  doing  and  causing  excessive 
wear.     Con.-i«leral)le  skill  and  exjR*rience  are  required   to  obtaiu 
[lerfect  results,  l)Ut  with   o;ooil   judgment  and  a  few  trials  most  of 
the  imperfections  can   be  overcome.     Generally  the  closincr  spring 
should  not  he  stronger  than    is  necessary  to  close  the  valve  when 
held   vertically  in    the   position   in  which  it  naturally  rests.    By 
takintr  the  valve  and  cages  in   the  hands  and  pressing  down  oif  the 
to|)  of  the  stem  with   one  of  the  lingers,  it  will   l)e   readily  ascer- 
taiiH'd  when  the  springs  are  of  proper  strength  to  close  the  valve. 
When  ])Ut  on   the  compressor,  so  far  as  the  operation  of  the  inlet 
valves   is  concerned,  the  machine  will  be  practically  noiseless  and 
eifcctive  in  the  admission  and  retention  of  the  gas  from  that  sidt*- 

'J'he  discharge  valve  operates  in  the  reverse  direction  to  that 
of  th(^  suction  valve.  We  know  that  the  suction  valve  closes 
while  the  compressor  piston  is  at  its  lowest  position   in  the  com- 
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pressor  aud  while  the  crank  is  paasiticr  its  bottom  center  The 
piston  now  moves  upward  compressing  the  gas  until  it  readies  the 
pressure  in  the  ammonia  condenser,  and  as  it  [>asses  thib  jioiiit  far 
enough  to  overcome  the  tension  of  the  spring  on  the  dncliarge 
valve,  it  causes  it  to  lift  and  the  conttnts  of  the  cylmdii  in  its 
compressed  state  are  discharged  through  the  disthirge  j  ipe  into  the 
condenser.     This  continues  until  the  piston  nachis  its   highest 


Fig.  II. 

point  and  the  crank  is  passing  its  top  center,  at  wliicli  point  the 
valve  closes  and  tho  suction  valve  again  ojn-ns  to  mlmit  an 
additional  amount  of  the  gas.  This  proctJSS  ii^  eontinued  during 
the  operation  of  the  apparatus. 

It  will  be  noticed  that  the  suction  valve  (i|k'[is  and  doses 
whiltt  the  piston  is  practically  without  motion,  hut  the  discharge 
valve  opens  while  the  piston  is  nearly  at  its  maximum,  and 
closes  while  the  piston  is  at  the  uiinimum  speed.  From  this 
it  will  be  apparent  that  the  thrust  or  effort  on  the  disdiarge  valve 
is  much  greater  than  on  the  inlet,  that  is,  in  an  upward  or  out- 
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ward  direction;  hence  the  device  for  arresting  the  upward  motioi 
of  thi;  valve  must  be  more  efTective  than  the  other.  AIw  Aa 
valve  iniLst  cIo:<e  in  a  shorter  space  of  time  because  tlie  pwt 
lire-^Hiire  abov«j  tlie  valve  \vouId  cause  it  to  fall  with  considenUa 
force  were  it  not  to  reacli  its  Seat  while  the  piston  was  Still  at  As 
top  of  its  tntvel,  and  tlie  pressure  above  and  below  equal.  Shaall 
th(^  piston  be^nn  its  return  or  downward  stroke  before  theTiho 
closes  it  woulil  have  the  condensint^  pressure  above,  and  tlie  inlflt 
pressure  In-low,  a  dilTerence  of  from  loO  to  175  pounds.  Thb 
pressure  would  cause  it  to  seat  with  an  excessive  blow  whidl 
would  soon  cause  its  destruction,  and  also  cause  the  escape  oti 
portion  of  the  conipres^ea  ^as  into  the  compressor  resulting  in 
irreat  loss  in  etlieiencv  of  the  machine. 

To  stop  the  valve  in  its  openintr  and  prevent  shock,-  it  is  neo- 
essj.'/'y  to  ])rovide  a  buHVr  or  cu.-hion  in  addition  to  the  spring 
used  to  close  it.  Tli(*  Cushion,  as  usually  constructed,  is  a  pistoD 
litting  closely  in  a  cylinder  and  provided  with  openings  for  the 
(*scape  of  the  <z:is  in  front  of  the  ])iston  until  it  reaches  a  oertaiii 
heialit,  which  shr)uld  conform  to  the  lift  of  the  valve;  at  this  point 
tilt!  ]>iston  is  pie\rnt«Ml  from  traveliuir  farther  by  the  compression 
of  tlio  eras  aii'l  the  v:il\e  is  ])n»ii>:lit  to  a  st  .n  without  noise  or  I'ar. 

The  sin  I!" til  of  si)riM<'*  for  ch)sintr  the  discharfje  valve  must 
be  nicely  oauL:v<l;  if  loo  liolit  the  valve  will  not  Ije  brought  to  it8 
seat  until  the  jii.-ton  has  starle<l  on  the  return  stroke,  causing t 
return  to  the  c'<)ii]j)ressor  of  a  j)ortion  of  the  compressed  gas,  and 
tilt;  strikin<f  on  the  seat  with  considerable  force  due  to  the  prCiS- 
sun;  of  tin;  uas  aljove  the  valve  and  the  removal  of  the  pressure 
Im'Iow;  whih;  if  the  snrintf  is  too  strontr  the  valve  is  returned  with 
sut'li  force  as  to  cau^u  a  harsh  fioun<l  and  rapid  wearing.  TluB 
ni'cessitates  mon'  fn^juent  renewals  than  if  moved  with  a  spring 
of  thi»  prop«T  ien.«?ion. 

Inasnineli  as  the  wei«jrlit  of  the  movintr  part  of  the  valve  iflt 
faetor  in  deterniinin^  the  re(|uin'<l  streno;th,  and  the  diameter, 
j)iteh.  tenijM-i',  e;LUH;eof  spring  and  material,  determine  the  strengthf 
it  beeoiiits  ]»raetie.illy  impossible  to  lay  down  a  rule  for  the  selec- 
tion of  the  |»ro|»er  spring  for  each  condition.  Exjxjrience  showB 
that  one  can  l»eiiir  determine  what  spring  to  use  by  the  sense  of 
fueling  than  by  any  rule  or  standai'd* 
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Piston.  Having  provided  the  iulet  and  outlet  valves  with 
proper  opening  and  closing  devices  and  made  them  t-apablo  of  retain- 
ing  the  gas  passing  them,  a  piston  for  compressing  the  gas  and 
discharging  it  from  the  compressor  must  be  provided.  For  the 
vertical  type  of  single-acting  compressor  in  which  both  inlet  valves 
are  in  the  npper  compressor  head,  the  piston  is  best  made  as  a 
ribbed  disc  with  a  hub  at  the  center  for  the  piston  rod  and  a  peri- 
phery of  sufficient  width  to  be  grooved  f(ir  the  necessary  snap 
rings.     Three  to  five  of  these  rings  are  generally  used. 

Fig.  12  illustrates  the  simplest  forn^  of  piston  ot  this  type, 
A  being  the  cast  head,  B  the  snap  rings,  and  0  the  piston 
rod.     The  surface  is  faced  square  with  the  bore  of  the  hub,  and 


Fig.  12. 

the  rod  forced  in  and  riveted  over,  filling  the  small  counterbore 
provided  for  this  purpose.  The  cast  head  and  rod  having  been 
previously  roughed  out,  is  now  finished  in  its  assembled  condi- 
tion, the  rod  made  parallel  and  true  to  gauge,  threaded  to  fit  the 
erosshead  and  the  grooves  tamed  for  the  snap  rings,  which  are 
made  slightly  largerthan  the  bore  of  the  compressor.  A  diagonal 
cut  is  made  through  one  side  and  enough  of  the  ring  is  cut  out  to 
allow  it  to  slip  into  the  cylinder  without  binding.  It  is  then 
scraped  on  its  sides  until  it  fits  accurately  the  groove  in  the  piston. 
It  is  also  well  to  tarn  a  small  half-round  oil  groove  in  the  enter 
face  of  the  piston  between  each  ring  which  gathers  and  retains  a 
portioii  of  the  oil  nsed  for  lubrication,  thus  increasing  the  efficiency 
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of  the  piston  and  collecting  dust  or  scale  and  lessening  the  liabilit^'J 
of  cutting  of  the  cylinder  due  to  any  of  the  usual  causes. 

The  piston  rod  requires  special  care  both  in  workmanship  ai::^^ 
material.  In  order  to  be  effective  it  must  be  true  from  end  '•o 
end  and  to  be  lasting  under  the  variety  of  conditions  which  it 
operates,  should  be  of  a  good  grade  of  tool  steel.  The  end  whidish 
is  usually  made  to  screw  into  the  crosshead  is  turned  somewh  -^t 
smaller,  usually  from  ,1  to  J  inch  in  diameter,  than  the  portion  pas^-  s- 
ing  through  the  packing  or  stuffing  box  principally  to  allow  ^f 
returning  or  truing  up  the  rod  when  it  becomes  worn,  and  also  ^o 
allow  it  to  j)ass  through  the  stuffing  box.  After  the  rod  is  screw*:^ 
into  the  crosshead  it  is  secured  and  locked  with  a  nut  to  preve  :*it 
turning.  The  nut  also  allows  the  position  of  the  piston  to  "fc^ 
changed  to  compensate  for  wear  on  the  different  parts  of  tK^^^ 
machine  by  simply  loosening  the  lock  nut  and  turning  the  pistc_rron 
and  rod  in  or  out  of  the  crossluMid. 

The  stuffing  tx)x  of  the  compressor,  shown  in   P'ig.  13,  is  o^^^^ 
of  the  most   difficult   parts   to    keep    in    pro}>er   order.     This  ^® 

owing  principally  to  one  of  two  causes:  not  being  in  line  wi  ^^ 
the  croshihead  guide  or  bore  of  the  compressor,  or  the  great  d^  ^^' 
ference  of  temperature  to  which  it  is  subjected  owing  to  tC^  ^^' 
possible  changes  takino-  place  in  the  evaporator.  However,  wi  -*^" 
the  co^Jpres^or  crosshead  guides,  and  stuffing  box  in  perfe^==^==^ 
alignment,  and  a  constant  pressure  or  tempiTature  on  the  eva  — ^P' 
orating    side,   it   is   a    simple    matter    with    almost    any   kind  ^* 

packing  on  a  machine  of  the  vertical  single-acting  type  to  ke^  ^*^P 
the  stuffing  box  tight  and  in  perfect  condition.  If,  howevt=^^*'^' 
either  of  the  above  conditions  are  changed  it  becomes  practical^^-^v 
impossil)le  to  accomplish  this.  We  have  learned  that  perfectr::::^v 
constructed  and  oj)erating  valves  is  one  of  the  essential  features  ^^ 

a   perfect   machine.     We    also    know  that    the    alignment  of  t         ''^ 
machine  is  equally  important. 

Erection.     Experience  in  thebuilding,  erecting  and  operatic  ^^^" 
of  this  class  of  machinery,  shows  that  more  machinery  is  co^  ^' 
demned,  more  complaints  made  and  difficulties  encountered  ovri:r:'g 
to  these  two  points  than  all  others  put  together.     It  is  all  ii-^^- 
portant    to   the   erecting  and    operating   engineer   that    they   be 
absolutely  certain  of  these  two  points. 
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After  the  A  frame,  tlie  coiiipressor  cylinder  and  ita  lower 
Lead  have  been  placed  in  position,  a  line  liard  tine  should  be 
jMisaed  through  tlie  cylinder  and  stuffing  box  down  through  the 
guide  aud  to  the  orank  ])iii  in  t!io  shaft,  drawn  tight  and  secured 
in  Bome  manner  at  eiicli  end  and  then  callipered  at  each  point. 
The  different  parts  sliould  be  brought  into  perfect  aligDnient 
before  the  rest  of  the  machine  is  assembled. 

Fig.    14   illustrates   the   methods   of   obtaining   the   proper 


Pig  13 

results.  Assuming  that  the  brasses  are  central  with  the  connect- 
ing rod  and  the  connecting  rod  with  the  crossliead,  the  line  should 
of  course  be  central  with  the  crank  pin  and  this  condition  should 
exist  when  the  pin  is  at  its  top  and  bottom  positions.  In  other 
words,  when  the  line  is  placed  midway  between  the  collars  on  the 
crank  pin  when  at  the  bottom  stroke,  and  the  shaft  is  revolved 
one-half  revolution  to  its  top  stroke,  the  line  should  be  exactly 
midway  between  them;  or  the  top  moved  until  such  is  the  case, 
and  this  should  be  determined  as  absolutely  correct  l>efore  pro- 
ceeding further.  When  this  is  accomplished  we  may  proceed  to 
the  guides  and  caliper  first  at  the  bottom  and  then  the  top 
between  the  line  and  each  side  of  the  bore,  moving  the  A  frame 
by  dressing  the  bottoms  of  the  feet  or  packing  under,  as  may  be 
most  desirable. 
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"W'e  may  now  examine  tlie  top  of  the  compressor  and  tlie 
bottom  of  tlio  stutKiig  box  to  determine  whether  or  uot  theE«  are 
central.  By  shimmini»  or  packing  under  the  side  of  the  coin- 
preasor,  the  cylinder  and  the  stuffing  box  may  be  moved  in  tlie 


required  direction;    this  will  be   found  all   that  is  necessary  to 

correct  the  small  inaccuraciea.     Of  course,  should   objection  be 

raised  to  the  method,  the  other  remedy  is  to  dress  the  surfaces. 

Uaving  the  different  pstrts  in  proi>er  alignment,  we  may  now 
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proceed  with  the  assembling  of  the  balance  of  the  machine,  feeL 

ing  assured  that  with  reasonably  good  workmanship  and  material, 

we  will  have  a  good  running  machine.     It  is  well  to  have  a  com- 

pressor  stuffing  box  of  any  of  the  several  types  in  two  parts  or 

double  packed  (see  Fig.  13),  the  inner  to  be  of  proper  proportion 

to  hold  the  packing  against  the  loss  of  ammonia  and  the  outer  of 

only  slight  depth  to  retain  the  lubricating  oil  within  the  annular 

space  provided  between  the  two,  and  through  which  the  rod  passes 

in  its  travel.     The  packing  may  be  drawn  up  or  tightened  by  any 

one  of  several  common  devices,  although  a  parallel  device  or  one 

which  causes  the  gland  to  move  uniformly  by  tightening  at  one 

point  is  to  be  preferred.     Although  three  or  four  separate  bolts 

are  very  often  used  they  are  undesirable  from  the  fact  that  they 

may  cause  a  tipping  or  "cocking"  due  to   the   tightening  or 
looseninor  of  one. 

There  are  innumerable  materials  for  packing,  and  the  '*  pack- 
ing man ''  is  encountered  every  day  extolling  the  "good  qualities" 
of  his  packing.  It  is  probable  that  all  have  good  points,  but  it  is 
doubtful  if  any  one  make  or  kind  would  meet  with  the  unqualified 
indorsement  of  all  engineers;  also  no  one  packing  is  best  for  all 
conditions  or  duties.  The  condition  and  packing  must  be  suited  to 
one   another;   this  will  generally  be  accomplished  by  the  good 


engineer. 


In  the  construction  of  the  stuffing  box  it  is  well  to  bush  the 
bottom  of  the  glands  with  Babbitt  metal,  because  the  rod  is  oft(»n 
pressed  to  one  side  crowding  it  against  the  side  of  the  gland 
or  bottom  of  box,  causing  the  same  to  cut.  When  it  becomes 
necessary  to  turn  down  the  rod,  a  new  bushing  is  all  tliat  is  nec- 
essary to  reduce  the  openings  correspondingly. 

Water  Jacket.  In  the  vertical  single-acting  type  of  com- 
pressor, it  is  usual  to  provide  a  water  jacket,  which  may  be  cast 
in  combination  with  the  compressor  cylinder  or  made  of  some 
sheet  metal  secured  to  an  angle,  which  is  bolted  to  a  flange  cast 
on  the  cylinder.  It  is  usual  to  have  this  water  jacket  start  at 
about  the  middle  of  the  compressor  (or  a  little  below  as  shown 
in  Fig.  15)  and  extend  enough  above  to  cover  the  compressor 
heads,  valves  and  bonnets  with  water;  the  princij)al  object  of 
which  is  to  keep  these  parts  at  a  normal  temperature  and  thereby 


819 


30 


REFRIGERATION 


improve  the  operation  as  wfll  as  protect  the  joints  against  the 
exct'Hsive  heat  wliith  would  be  generated  by  the  contioned  com- 
pression. Tt  ia  also  an  advantage  in  the  operation  of  the  plant, 
since  by  rediK-ing  the  temperature  in  the  compressor  and  adjacent 
parts,  the  compressor  is  filled  with  gas  of  a  greater  densitj'.  It  is 
alwo  tnie  that  flie  beat  extracted  or  taken  up  by  the  water  at 
this  point  is  a  certain  portion  of  the  work  perfonned  in  the  con. 
denser  and  therefore  not  a  waste. 

In  the  operation  of  the  plant  it  is  well  to  have  plenty  of 
water  flow  through  the  jackets,  as 
the  cooler  the  compressors  are  kept 
the  better,  but  in  plants  in  which 
water  is  scarce  the  quantity  niay  be 
reduced  correspondingly  until  the 
overflow  is  upwards  of  100'  Fahr. 
In  extrenio  cases  of  sltortage  of  water 
the  overtlow  water  from  the  aiiinioiiiu 
condenser  is  soinctimes  usi-d  on  the 
water  jackets,  that  is,  the  entirn 
amonnt  of  available  water  is  deliv- 
ered to  the  condenser,  and  a  su])]ily 
from  the  caleh  ]ian  (if  it  be  an  at- 
liiospheric  type)  is  taken  for  the  water 
jackets,  in  which  ease  a  greater  quan- 
tity may  bo  nwcil  but  at  a  higher  lenipeniture.  It  is  customary 
to  admit  tho  water  tlir'ogh  the  flange  forming  the  bottom  of  the 
water  jacket  and  overflow  near  the  lop  into  a  stand  pijie  which  is 
connected  at  its  lower  cud  through  the  flange  to  a  system  of  pipes 
to  take  it  away.  To  prevent  eondensation  on  the  outer  surface  of 
the  jacket,  and  to  present  a  more  pleasing  appearance,  it  is  Jre- 
quently  lagged  with  Iiardwood  strips  and  bound  with  finishi'il 
brass  or  nickel-plated  bands.  It  is  also  well  to  have  a  washout 
connection  from  each  jacket. 

Lubrication.  The  vertical  tyiRt  of  comjii-essor  requires  the 
least  amount  of  lubrieaticm  from  the  fact  that  all  moving  parts  are 
in  equilibrium.  The  slight  amoinit  of  oil  usitl  is  mer-ely  ti>  kei-p 
the  surfaces  from  liecoiiiiiig  entirely  dry-  E.\cessivB  lubrication 
is  an  objection,  owing  to  the  insulating  effect  ujion  the  surfaces 
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of  the  coudenBing  and  evaporating  system.  Therefore  it  is  well 
to  feed  to  the  corapreBsora  as  little  as  ia  consistent  with  the  o[>era. 
tion  of  the  niachiiiery.  A  proper  separating  device  should  bo 
located  in  the  discharge  pi]>e  from  the  compressor  to  the  con- 
denser. To  properly  admit,  or  feed  the  lubricant  to  the  com. 
pressors,  sight  feed  lubricators  should  be  provided,  by  whicli  the 
amount  may  bo  determined  and  regulated.     These  may  be  of  the 


FiR.  16 
reservoir  type,  or  better  atill  the  dropiwi's,  fed  from  a  large  reser- 
voir through  a  pipe  and  whuh  may  be  tilled  by  a  hand  pump 
when  necessary  (see  Kig.  IC),  Owing  to  the  action  of  ammonia 
on  animal  or  vegetable  oils,  other  than  the^^e  nmBt  be  used  as  a 
lubricant  for  the  compresBor,  Tlie  princi|»al  oil  for  this  purjwae 
(and  when  obtained  pure,  a  very  gootl  one)  is  the  "West  Virginia 
Natural  Lubricating  Oil  or  Mount  Farm,  which  is  a  dark-colored 
oil  not  affected  by  the  action  of  the  ammonia  or  the  low  tempera- 
ture of  the  evaporator.  Of  late  years  the  oil  refining  companies 
have  put  on  the  market  a  light-colored  oil  which  appara  t<»  give 
good  reanlta  for  the  purpose.     Care  should  be  used,  however,  ir 
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To  present  graphically  tbe  losses  due  to  the  above  causes 
refer  to  Fiir.  17,  which  illustrates  the  usual  indicator  card  taken 
from  an  ammonia  compressor  and  the  effect  upon  it  of  the  various 
losses. 

The  different  inechanisnia  employed  in  actuating  the  com-, 
pressor  piston,  sncli  as  crossheads,  eonnectinj^  rods,  ])in3,  crank 
shaft  and  bearinjjs,  are  of  usual  engine  practice.  A  detailed 
description  will  not  Ins  given  here.  It  should  he  stated  that  owing 
to  the  steady  load  aud  the  continuous  service  usually  demanded  of 


a  refrigerating  plant,  and  the  occasional  high  jirt'ssurcs  encount' 
ercd  in  the  extremely  warm  weather,  the  construction  should  be 
of  the  best  and  the  wearing  siirraccs  ample  to  withstand  the  hard 
service.  The  many  tyjies  of  machines  and  the  methods  of  connect- 
ing the  power  or  engine  are  of  almost  endless  variety.  It  is  suf- 
ficient to  state  that  the  general  classes  of  engines  are  of  vortical  or 
horizontal  single-cylinder,  tandem  or  cross  cotn|>ound,  condensing 
or  nun-condensiug. 

Tlie  horizontal  double-acting  compressor  embodies  all  the 
general  principles  of  the  vertical  single-acting,  but  having  certain 
inodificationB  to  meet  the  mechanical  differences  presented.  They 
may  be  divided  into  two  classes,  those  having  water  jackets  and 
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those  without.  The  former  usually  has  a  water  jacket  extendincr 
alK)ut  the  ])ody  of  the  cylinder  but  not  over  the  heads  and  valves 
as  in  the  sinirle-acting  compressor.  Compressors  not  provided 
with  water  jackets  are  internally  cooled  either  by  evaporation  of  a 
|K)rtion  of  the  ammonia,  or  the  injection  of  ammonia  or  cooled  oil. 
The  claims  of  both  these  last  named  systems  are  that  instead  of 
the  curve  of  comjjression  being  close  to  the  adiabatic  it  is  brought 
nearly  to  the  isothermal,  and  that  a  corresponding  economy  in 
horse  jK>wer  required  to  oj>erate  the  machine  is  eflFected.  Owing 
to  the  fact  that  this  tyj)e  of  compressor  takes  in  and  discharges 
jfjis  in  lu)th  tlirtvtions,  it  is  necessarv  that  inlet  and  outlet  valves 
1h»  provitlt^il  in  both  heads,  and  that  the  inner  head  l)e  provided 
with  a  stutling  box  also  for  the  piston  rod.  This  renders  it  iiu 
possible  to  j>lace  the  valves  horizontally,  and  as  a  result,  the  valves 
are  placi'd  at  an  angle  of  from  SO  to  45'  from  the  center  of  the 
eonijHvssor,  ami  tlu'  inner  face  of  the  heads  and  pistons  made  on 
an  angle  to  conform  to  this;  or  sometimes  the  valves  are  spherical, 
to  i\\o'\i\  clearance  which  would  result  from  the  difference  in  their 
surfaces.  The  weight  of  the  piston  and  rod  being  towards  the 
i>t>t!oni  of  tlu'  '/vlimlrr.  it  is  luressarv  that  tin*  piston  l)e  of  con- 
>ider:i!M»'  K':i:_^tli  i<»  [i:(U  i«le  a  grt^ater  surface  for  wear. 

rih'  stullin^"  l»o\  must  liave  sulKcient  dej)th  to  successfully 
retain  liir  i;:i- Ui;:::ii^  liie  ]»t'ri(Hl  of  conij^ression,  and  lubrication 
>houM  takr  [MMci*  wiiiii  the  rt>«l  i>  j)assing  through  the  packing, 
riiis  i>  acro!ii|>!i>iuMl  with  a  small  oil  pumj)  actuated  from  the 
:iio\iuo-  par:>  of  liu'  itiaciii:ic  or  a  pressure  system  regulattnl  hy 
tile  prrs>;i:i'  \:\  tli.  oil  ^rparatt»r  In  each  case  oil  passes  l)etwecn 
tiie  iio;:S'e  parkii.i;  liuTi-bv  causing  the  piston  nxi  to  pass  through 
a  \'h:imbrr  o!  o;!. 

The  v'o!r.j»vi -sv^;-  \a!vt>>.  a:i»l  their  cat^es  are  of  the  description 
alrr.ulN  iM\i:i  a:ui  the  same  care  and  caution  retxardintj  the  con- 
;t iMU"tii>;i  a:io  opr^'.itivMt  applv  to  the  valves  of  this  typt*  of 
inav'iuiu\  but  the  tact  that  thev  are  horizontal  or  nearlv  so  makes 
\\ir\v  cvMi'-ii  urtioii  >o:iu'\\hat  ditferent  and  necessitates  springs  of 
»hlbMt  ut  siresixyih.  'Vak-  valves,  ca^^es  and  snrintxs  are  covered  hy  a 
doiiK*  l».»ltcvi  ill  place  ar.d  its  uuii^ui  with  the  con»pressor  head  is 
pro\  uh  d  with  a  j^a^ki !  to  prevent  loss  of  ammonia.  It  is  well  to 
ha\e  at  iiaud  dupliv'ates  of  the  compressor  valves  and  springs,  as 
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an  entire  valve  can  be  changed  in  less  time  than  it  takes  to  repair 
one  out  of  order.  As  the  machine  during  this  time  must  remain 
out  of  service,  it  is  customary  for  the  builders  to  supply  these  in 
duplicate.  After  a  valve  is  taken  out  and  replaced,  it  is  well  to 
have  the  faulty  one  put  in  perfect  condition,  the  strength  of 
springs  tested,  the  seat  and  stem  corrected,  oiled  and  put  away  in 
j^adiness  to  be  used  again  when  the  occasion  requires. 

This  type  of  compressor  is  usually  driven  from  a  rotating 
shaft  with  the  ordinary  connecting  rod  by  a  crank  and  crosshead. 
Adjustment  for  wear  is  provided  in  the  piston  rod  at  the  cross- 
head,  and  the  position  of  the  piston  may  be  adjusted  between  the 
heads  of  the  compressor  by  screwing  in  or  out  of  the  crosshead.' 
The  clearance  of  the  compressor  piston  is  important;  it  should  be 
as  small  as  possible  and  yet  not  allow  the  piston  to  strike  the 
heads.  This  naturally  cannot  be  reduced  to  the  small  degree  pos- 
sible in  the  single-acting  type,  from  the  fact  that  it  must  be  ad- 
justed to  both  heads,  and  the  expansion  and  contraction  of  the 
piston  and  connecting  rod  and  wear  is  of  such  an  amount  as  to 
render  a  close  adjustment  impossible.  Fig.  18  is  a  sectional  cut 
of  a  modern  type  of  double-acting  compressor  with  water  jacket; 
Fig.  4  a  section  of  one  not  using  the  water  jacket  and  Fig.  10  an 
elevation  of  either  in  combination  with  its  motive  power,  a  Corliss 
engine,  shaft,  fly  wheel,  etc. 

The  stuffing-box  oil  pump  is  shown  in  Fig.  li)  which  illus- 
trates the  general  method  of  lubricating  the  compressor  piston,  the 
oil  being  pumped  through  the  box  and  returning  to  a  catch  pan 
or  basin  provided  in  the  bed  plate. 

THE  AMMONIA  CONDENSER. 

The  Ammonia  Condenser,  or  licjuefier,  as  briefly  stated  in  the 
description  of  the  system,  is  that  portion  of  the  plant  in  which  the 
gas  from  the  evaporator,  having  been  compressed  to  a  certain 
point,  is  cooled  by  water  and  thereby  deprived  of  the  heat  which 
it  took  up  during  evaporation;  consequently  it  is  reduced  to  its 
initial  state,  that  is,  liquid  anhydrous  ammonia.  Let  us  consider 
the  general  principles  governing  the  action  before  describing  the 
types.  On  account  of  the  duty  having  been  performed,  the 
ammonia  as  it  leaves  the  evaporator  is  a  gas  of  low  temperature, 
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utiuEt  ^  to  Iff  below  tlut  of  the 
briiie.  f>r  odirr  toJT  apoo  which 
it  his  been  doins  datr.  ret  it  is 

Iftdt-n  wirii  &  cirrtain  amoant  of 
bta:.  alihongh  at  a  tempenton' 
not  otdinarilT  eipresatd  by  that 
Irnc.  It  is  a  we'il-kDown  fact 
tttat  we  ca&aot  obtain  a  rcfri^r- 
atin^a^Qt  which  can  absorb  b<ent 
froai  a  boiv  colder  than  il?flf. 
and  it  ii  therefore  neoessan^  to 
brinE  the  temj^entare  of  the  am- 
monia cas  to  a  point  at  which  the 
rinw  of  heat  from  the  one  to  the 
oiher  will  take  place.  Tfiis  is 
iIiiDf  bv  withdrawing  part  of  the 
)i'-Ht  in  the  ammonia  in  the  fol- 
^'jwiiijT  niinner:  Tlie  cold  pas  is 
;  compressed  antil  its  pressure 
i  r-a-.Lt-s  such  a  point  th«t  at  onli- 
■  :iarv  tt-m|«-ratiirfS  it  will  (-(nult-nse 
lo  li.juid  form.  As  it  leaves  the 
cuiiijiresswr  it  isverv  hot  be^^'iiu^e 
of  the  fact  that  it  ^lill  contains 
iieiiriv  all  of  the  beat  it  had  when 
it  k-ft  the  evajorator  in  only  a 
small  portion  of  the  =fiace  occn- 
pifd  l»-fore.  Thus  wln^n  it  reachw 
the  eondenser  it  is  much  wanner 
than  the  cooling  water  and  will 
readily  give  np  its  hi'Ht  to  llie 
cold  water — so  iirnch  that  its  la- 
tent heat  is  absorbed  by  the  vnM 
and  it  condenses  into  anhytirous 
annnouia. 

Tliu  teniperature  of  water  if 
punipiHl  from  surface  streams  will 
averaee  about  GO'  F  and  sidcb  w 
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canDot  expect  to  get  the  ammonia  any  colder  than  this  it  must  he 
compressed  until  the  boiling  point  corresponding  to  the  pressare 
obtained  is  at  about  75°  F. 

In  the  table,  page  78,  we  find  that  this  temperature  corre- 
sponds to  a  pressure  of  144.25  pounds  per  square  inch  (absolute)  or 
120,55  pounds  per  square  inch  (gauge). 

Tims  if  the  gas  is  compressed  until  the  gauge  reads  120.55 
and  then  passed  into  a  condenser  where  the  temperature  of  tli* 
water  is  Ifss  than  75"  F  the  water  will  absorb  the  latent  heat  and 
we  have  accomplished  our  object  which  was  to  remove  some  of 
the  heat  contained  in  I  tie  ammonia.  In  this  condition  it  is  drained 
from  the  condenser  into  the  ammonia  receiver  to  again  repeat  the 
cycle  of  operation. 


Fig.  1S». 

The  forms  of  condenser  may  be  divided  into  three  clasBes; 
the  submerged,  atmospheric,  and  double-pi  jkj.  Of  each  of  these 
classes  a  number  of  different  types  and  constructions  are  in  use. 
To  illustrate  the  general  principles,  however,  it  is  only  necessary 
to  present  one  of  each  type. 

The  Submerged  Condenser  consists  of  around  or  rectangular 
tank  with  a  series  of  spiral  or  flat  coils  within  joined  to  headers  at 
top  and  bottom  with  proper  ammonia  unions.  In  Fig.  IS)  is 
shown  a  sectional  elevation  of  a  popular  type  of  submerged  con- 
denser. A  wrought  iron  or  steel  tank  A  is  formed  by  plates  from 
^tOf^f  inch  thick,  of  the  necessary  dimensions  to  contain  the 
coils,  and  enffioiently  braced  around  the  top  and  sides  to  prevent 
bulging  when  filled  with  water.     A  series  of  welded  zigzag  pipe 
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r.-  B  siTv  t'.slW  in  lilt-  tank  and  joined  to  lieaders  C  widi 
.T.-.?'Z.ls  ~T.l;-i.i  jy.  Tlie  a:iiinoDia  gaa  euters  the  top  header 
r  "^2  :Lr  y'.-.T  Y.  s:A  a:i  omWt  for  the  liquefied  aiDinonia is 
•.v.  i^  s:  Y  -^Sz  a  j-rwiicT  sinp  Talvi'.  Water  ia  dischargwl  or 
.;:-:-.:r<i  :  ■  ::-.t-  litik  a:  or  iitar  ilif  bottom  aod  overflows  at  onUet 


yi.  It  will  be  ewii  that  in  this  tyj«  of  condenser  a  compi^'* 
r.-vi>!>e  How  of  tho  (.-onviit  h  etlW-teil,  tho  gas  entering  at  thef'P 
anil  tlitf  Ihiiiid  l.-iviu^r  at  tlio  botfjm,  while  tlie  water  enters  at  the 
bottom  and  lf;i\vs  at  tbo  top,  thei-ehy  bringing  the  coldest  w»ter 
iu  contact  with  the  cooles:  g-is    nnd  tho  warmer  water  in  contact 
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with  the  incoming  or  discharged  gas  from  the  compressor,  thereby 
presenting  the  ideal  condition  for  properly  condensing  ammonia. 

Owing  to  the  necessarily  large  spaces  between  the  coils  and 
the  distance  between  the  bent  pipes,  the  portion  of  water  coming 
in  contact  with  the  surface  of  the  pipes  must  be  small  compared 
with  the  total  amount  passing  through;  it  is,  therefore,  uneconom- 
ical as  regards  amount  of  water  used.  With  water  containing  a  large 
amount  of  floating  impurities  the  deposit  on  the  coils  is  consider- 
able, and  not  easily  removed  owing  to  the  limited  space  between 
the  coils,  and  furthermore,  the  dimensions  of  the  tank  necessary 
to  contain  the  requisite  amount  of  pipe  for  a  plant  of  considerable 
size  is  so  great  and  its  weight  when  equipped  with  coils  and  filled 
with  water  requires  such  a  strong  support  that  its  use  is  now  lim- 
ited to  certain  requirements  and  localities. 

A  better  shape  for  a  condenser  of  this  type  is  one  of  consid- 
erable height  or  depth,  rather  than  low  and  broad.  This  is  owing 
to  the  fact  that  the  greater  the  length  of  travel  of  the  water  and 
gas  in  opposite  directions,  the  greater  the  economy.  The  number 
of  coils  used  should  be  such  that  the  combined  internal  area  of 
the  pipes  equals,  or  exceeds  the  area  of  the  discharge  pipe  from  the 
compressor.  The  circular  submerged  condenser  is  similar  to  the 
above  described  except  that  the  tank  is  circular  and  the  coils  bent 
spirally. 

The  Atmospheric  type  of  condenser  most  generally  used  is 
made  of  straight  lengths  of  2-inch  extra-strong,  or  special  pipe, 
usually  20  feet  long,  screwed,  or  screwed  and  soldered  into  steel 
return  bends  about  3i-inch  centers  and  usually  from  eighteen  to 
twenty-four  pipes  high.  The  coil  is  supported  on  cast  or  wrought 
iron  stands  and  placed  within  a  catch  pan,  or  on  a  water-tight 
floor,  having  a  proper  waste  water  outlet  and  supplied  with  one  of 
the  several  means  of  supplying  the  cooling  water  over  their  sur- 
faces. Stop  valves,  manifolds  and  unions  connect  with  the  dis- 
charge of  the  compressor  and  the  liquid  ammonia  supply  to  the 
receiver. 

In  the  manner  of  making  the  connections  to  this  type  of  con- 
denser and  the  taking  away  of  the  liquefied  ammonia  as  well  as  in 
the  devices  for  supplying  the  cooling  water,  a  great  variety  exists; 
Fig.  20  represents  a  side  elevation  of  an  anunonia  condenser  with 
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■-r.-:^'.-,  ;'..,."  v.:i,-.-.- it  ftccmniikt.-s  and  is  wk^" 
;.-  .....i!  ;:.■..:.-.  J:n-iin..ML.,iLv.iHu.ttLffl'>* 
I  ^;is  V.;-!,  liii-i  tvfie  i)f  cuiiJoiisiT  is  in  tliefri'"* 
il'l.-.-t  «iitir  cuKiiiig  ill  cutitact  witi>  the  naru"*'^ 
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ammonia.  The  temperature  governing  or  determining  the  point 
of  condensation  will  he  that  of  leaving  the  condenser,  or  at  the 
bottom  pipe  in  which  the  liquid  ammonia  is  withdrawn.  Owing 
to  this  arrangement  it  is  not  favorable  to  a  low  condensing  pres- 
sure or  economy  in  the  water  used.  Fig.  21  represents  a  type  in 
which  an  attempt  is  made  to  eliminate  this  undesirable  feature, 
and  in  which  it  is  expected  to  use  the  waste  from  the  condenser 
proper,  in  taking  out  the  greater  part  of  the  sensible  heat  from  the 
gas  leaving  the  compressor. 

Theconstmctionof  this  condenser  is  identical  with  that  shown 
in  the  preceding  figure  except  that  its  uppermost  pipe  is  continued 
down  and  under  the  pipes  forming  the  condenser  pro|)er;  it  passes 
backward  and  forward  in  order  that  a  large  proportion  of  the  heat 
may  be  removed  by  the  water  from  the  condenser  ])roper,  before 
the  ammonia  enters  the  condenser.  A  supplemental  header  is 
sometimes  introduced  in  connection  with  this  pipe  fo"  emoving 
any  condensation  taking  place  in  it. 

A  third  type  of  this  condenser  is  shown  in  Fig.  22.  In  this 
type  a  reverse  flow  of  the  gas  and  water  takes  juace.  The  gas 
enters  the  condenser  through  a  manifold  or  header  A  at  the  bottom 
and  continues  its  flow  upward  throuirh  the  pipes  to  the  top;  at 
several  points  drain  pi{)es  are  provided  for  taking  olf  the  condensa- 
tion  into  the  header  B.  Tlie  condensintr  water  flows  downward  over 
the  pipes.   The  form  is  the  most  nearly  perfect  condenser  of  the  class. 

The  atmospheric  type  is  a  favorite,  and  possesses  many  feat- 
ures  that  make  it  preferred  to  the  submerged.  Its  weight  is  a 
minunum,  being  only  that  of  pi|)e  and  supports  and  a  small  amount 
of  water.  The  sections  or  banks  may  be  placed  a  favorable  distance 
apart  to  facilitate  cleaning  and  repairs,  while  the  atmospheric  effect 
in  evaporating  a  portion  of  the  condensing  water  during  its  flow 
over  the  condenser,  thereby  obtaining  the  advantage  of  its  latent 
heat  as  well  as  the  natural  raise  in  its  tenqx^rature,  adds  materially 
to  its  efficiency. 

The  var'ous  devices  for  distributing  the  water  over  the  con- 
denser are  numerous: 

Fig.  23  represents  the  simplest  and  most  easily  obtained;  a 
simple  trough  with  perforations  at  the  bottom  for  allowing  the 
water  to  drip  through  to  the  condenser 
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Tlz.  --t  ii  »  =*jdif«»d'>3  of  the  one  eIio-k-d  id  Fig.  23,  Thii 
M  ia»c-i=<i  lo  pre-T;^:  lie  clo^iag  of  the  perforations,  by  allov- 
iz^  tbr  -vizzz  tj  z.:--r  i^:o  ie  space  »t  one  side  of  the  partition, 
%Zfi  ziea  :^>^^  X  acixs  of  ^liirfbnuoaa  into  the  second,  and 


1:^^ 


s^^ 


:;  i  Stt  of  jx-ri 


;i  the  boitom  to  ibe 


p;i,*i:i;:.o  .■.:..:.:... 

ovoa'oii'.o  ilif  (■••'<>■:! 
cousrtjut'iit  lii  :':<.' u It  ii' 


iri.itii:ti,  or  w;ttiir  distributor,  di-sigoe'J  to 
to  a  J ^rf lira! til  form  of  trough,  and  tbr 
it'  to  thf  i-ltiiTjxing  or  filling  of  the  ]<eiU'n 
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tiona.     Ab  will  be  readily  un<]ereti)od  from  the  illustration,  this  is 
Eilso  made  of  galvanized  sheet  metal  with  ouu  side  enough  higher 


Fig.  24. 
than  the  other  to  caase  the  water  to  overflow  through   the  V- 
shaped    notches  or  openings  along   the  top   of   the  straight  or 
vertical  side  of  the  trough,  and  down  and  off  the  serrated  bottom 
edge  to  the  pipea. 
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The  oTtjeot  of  tbe  serrated  edges,  as  will  be  apparent,  is  the 
more  trrt-n  disiribatum  of  die  water,  owing  to  the  bet  that  while 
it  wonld  be  jtracticallv  impossible  to  obtain  a  uniform  flow  of 
water  ov>r  a  ^tratgbt  and  even  edge  of  a  trough,  particnlarly  if 
tlie  aiiiiAiiit  i;  limited,  it  is  an  easy  matter  to  n^^nlate  the  flov 
tLmui;!i  the  V-?lia[«-d  openings. 

J-'iir.  '2>J  is  teniied  the  "slotted  water  pipe.**  It  is  a  pipe 
slotted  Wtweeii  its  two  ends,  from  which  the  water  overflows  to 
tile  si-rie:i  of  pijies  Wlow.  It  is  good  practice  to  lead  the  water 
sii[i|ilv  to  a  cast-iron  Ihjx  at  the  cr^ntcr  of  the  condenser,  into  the 


Fig.  2.-,. 
sides  i)f  wbit'h  is  scn-wid  a  piefe  of  pipe  (usually  '2-iuoh)  reai-hin^ 
the  en<lri  of  the  fuiidi-njit-r,  and  Laving  its  outer  ends  capped.  whie>^ 
limy  hii  ri-iiiovwl  while  a  serajHJr  is  passed  through  the  slut  frot« 
the  ci'cittT   towards   the  ends  while   the  water  is   still    flowiutT'^ 
thereby  carrying  off  any  deposit  within  the  pi])e.     This  forms  ^^ 
very  duralilo  constractioii,  and  not  liable,  as  with  the  galvanizei^^ 
drip  trough,  to  disarrangeirient  or  bending  out  of  shape  due  to^ 
various  causes.     It  is  impossible,  however,  to  obtain  the  uniform  --' 
How  of  water  over  the  condenser  with  this,  as  with  the  serrated  or'^ 
jH'rforated  troughs,  jwrticularly  if  the  su])]ily  is  limited,  from  the  "^ 
fact  as  stated  in  describing  the  overflow  trough,  viz;  the  impossi- 
bility of  obtaining  a  sufficiently  thin  stream  of  that  length. 
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The  Double-Pipe  Condenser  is  a  modern  adaptation  of  an  old 
idea,  given  np  owing  to  its  complex  conetruction  and  the  iraper. 
feet  facilities  available  for  its  manufacture.  Also,  like  the  Brine 
Cooler,  it  has  come  into  nse  with  great  rapidity,  and  has  brought 
forth  many  novel  ideas  of  principle  and  construction.  It  com- 
bines  the  good  features  of  the  atmospheric  as  well  as  the  sub- 
merged; as  in  the  former  the  weight  ie  small  and  it  is  accessible 
for  repairs.  It  has  the  downward  flow  of  the  ammonia  and  up- 
ward flow  of  the  water,  effecting  a  complete  counter  flow  of  the 
two.  minimizing  the  amount  of  water  required  and  taking  up  the 


Fig.  28. 

heat  of  condensation  with  the  least  possible  difference  !>etween  the 
ammonia  and  water. 

The  two  general  forms  of  construction  are  a  combination  of  a 
li-inch  pipe  within  a  2. inch  pipe,  or  a  2-inch  pipe  within  a 
S-inch.  The  water  passes  upward  through  the  inner  pipe,  while 
the  gas  is  discharged  downward  through  the  annular  space;  or, 
the  position  of  the  two  may  be  reversed,  the  ammonia  being 
within  the  inside  pipe  while  the  water  travels  upward  through  the 
annular  space.  They  are  also  constructed  in  series,  in  which  the 
gas  enters  a  number  of  pipes  of  a  section  at  one  time,  flowing 
through  these  to  the  opposite  end  to  a  header  or  manifold,  at 
which  point  the  number  of  pipes  is  reduced,  and  so  on  to  the 
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vith  a  coDstantly  reduced  area.     The  theory  of  tliiB  con- 
1  being  that  the  volume  of  the  gaa  is  constantly  reduced 
leiug  coDdensed. 
8.  27,  28  and  29  illustrate  a  general  range  of  tlie  various 

is  usual  in  the  oonatrnction  of  this  type  to  make  each 
jr  bank  twelve  pipes  high 
.t  17J  feet  long;  they  are 
iminally  at  ten  tons  refrig- 
capaeity  each,  although  for 
units  the  construction  is 
vary  from  10  to  14  pipes 


il  Separator  or  Interceptor 

ice,  or  form  of  trap,  placed 
ae  of  the  discharge  between 
iresBor  and  the  condenser  to 
the  oil  from  the  ammonia 
is  to  prevent  the  pipe  sur- 
he  condensing  and  evapor- 
tem  from  becoming  covered 
which  acts  as  an  insulator 
'euts  rapid  transmission  of 
mgh  the  walls. 
instruction  admits  of  quite 
of  principle,  from  the  plain 
al  shell  with  an  inlet  at  one 
end  and  an  outlet  at  the 
the  almost  endless  variety 
plates,  spiral  conductors 
jrse -current  devices.  The 
similar  to  that  of  the  steam 


Fig.  30. 


.st  separator,  and  generally  speaking,  that  which  woald 
ve  in  one  service  would  be  so  in  the  other.  Figs.  30,  81 
Qstrate  three  of  the  most  common  types  in  use;  from  these 
mt  will  understatid  the  general  principles. 

AMMONIA  RECEIVER. 

AmiDonia  Receiver  or  Storage  Tank  is  a  cyliadrical  shell 
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with  heads  bolted  or  screwed  on,  or  welded  in  each  end,  and  pro- 
vided Tcith  the  nec-essarv  openings  for  the  inlet  and  outlet  of  the 
ammonia,  purge-valve  and  gauge  fittings.  They  may  be  vertical 
or  liurizoDtal ;  the  former  type  is  generally  used  on  account  of  the 
saving  of  floor  space,  while  the  horizontal  is  necessary  when  the 
condenser  is  located  so  low  as  to  make  the  flow  of  the  liquid 
ammonia  into  the  vertical  type  impossible.  A  convenient  locatioD 
for  the  receiver  in  a  plant  in  vhich  the  condenser  is  located  above 
the  machine  room,  ia 
against  the  wall,  or  at 
one  side  of  the  room 
on  a  bracket  or  sUtod 
at  one  side  of  the  oil 
interceptor,  the  sizes 
of  the  two  being  gen- 
erally the  same.  Tbi'j 
aie  then  more  readily 
under  the  control  of 
the  engineer  than  itat 
some  out  of  the  waj 
J)lace. 

Fig.  3;Hllustratesa 
receiver  of  the  verti- 
cal ty[)ewith  the  usual 
val  vea    and   couDec- 
tioiis   for   the  projkT 
e(iiiij)ment.     Tlielii|- 
uidamuKHiia  enters  at 
the  top  and  is  ftni  to 
the  evaporator  fruiu 
the  side  near  the  Iw'- 
toni,  the  space  Mo'X 
this    opening  being 
provided  for  tha  acciitnulation  of  scale,  dirt,  or  oil,  and  means  are 
provided  for  drawing  off  through  the  purge  valve  in  the  bottom. 
PIPES,  VALVES  AND  FITTINOS. 
Pipes.     Extra  strong,  or  extra  heavy  pipe  (so  called)  is  lifl 
generally  accepted  pipe  for  connecting  the  Tarioiu  parts  of  the 
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Fig.  32. 
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refrigerating  eyatem.  Wrought- iron  pipe  is  generally  preferred 
to  Bteel.  Frequently,  however,  and  particularly  for  the  evapor- 
ating or  low-pressure  Bide  of  the  system,  a  special  weight  or  grade 
of  pi])t)  is  ased,  also  standard  or  common  pipe  is  Bometimea  em- 
ployed for  thia  purpose.  Without  knowing  the  particular  condi- 
tions under  which  thia  ia  to  be  used,  or  the  relative  value  of  the 
material,  or  manner  in  which  the  pipe  is  made,  it  is  always  hetter 
to  use  and  insist  on  having  the  standard  extra-Btrong  grade.  The 
threads  should  he  carefully  cut,  with  a 
good  sharp  die,  making  sure  that  the  top 
and  bottom  of  the  threads  are  sharp  and 
true.  With  this  precaution,  and  an 
e<]ually  good  thread  in  the  Utting,  it  is 
not  difficult  to  form  a  good  and  lasting 
joint.  Particular  care  should  also  be 
taken  that  the  pipe  screws  into  the 
fitting  the  proper  distance,  and  forms  a 
contact  the  entire  length,  rather  than  to 
screw  up  against  a  shoulder  without  a 
perfect  fit  in  the  thread.  This  lattc" 
often  causes  leaky  joints  sometime  after 
the  plant  has  been  operated;  the  tempo- 
rary joint  formed  by  screwing  in  too 
deep  against  the  shoulder  or  ill-fitting 
threads  very  often  passes  the  test  and  is 
used  for  some  time  after  until  the  com- 
bined effect  of  heat  and  cold,  and  action 
of  the  ammonia  cause  it  to  break  out. 
It  is  a  safe  role  that  no  amount  of  solder 
or  other  doctoring  that  ia  not  backed  up 
by  s  good  fitting  thread  to  support  it  can  make  an  ammonia  joint. 
'Thia  is  particularly  true  of  the  discharge  or  compression  side  of 
the  plant. 

The  manner  of  making  these  joints,  may  be  divided  into  those 
having  a  compressible  gasket  between  the  thread  on  the  pipe  and 
the  fitting  into  which  it  screws  and  the  screwed  joint  formed  by  a 
threaded  pipe  screwed  into  a  tapped  fiange  or  fitting.  The  latter 
mftj  be  diiided  Into  those  hanog  a  soldered  joint,  or  one  in  which 


Fig.  33. 
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c  -nn   i".  .rv£;  )«t  agt  to 


:7    i.   Tifc^ii   n^;c  «fcr.- 


Zz.  fur-  *;    &  ijpe  rf 

x-acc   baecwe«3  the  pipe 
*z.i  -zd^  is  msiie  to  widi' 
p^  ^  c:k£L*i   the  Ic«k^  of  tbd 

gis  vidbooS  the  aid  of  pMk- 
i:.;r  'jr  '.■h.'rr  t^v.-jil  oil^r  thia  solifcr  or  tomo  of  the  nsoJ 
(^tric:.*.^;  t:.-;  f^^''  "^--t-^  ^^  b-jltai  briber  with  s  toagne  «nJ 
mif>-i^\  ]'';.'.t  14-;:.^'  i  i-jf:  Eiet*!  gaskcL  This  makes  a  penouwii 
aft'l  rlurable  fittlr-g. 

(nlKr  fitUoga  of  the  cl&sa,  u  elb,  teee,  and  retorn  bends,  an 
unally  prorided  vith  one  of  the  above  methods  of  ooaaeeting  wiA 
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the  syBtein,  and  the  different  typea  described  may  be  obtained  of 
the  builders  of  refrigerating  machines. 

Valves  for  the  ammonia  system  of  a  refrigerating  plant  are  of 
special  make  and  construction,  being  of  steel  or  semi-steel,  with  a 
soft  metal  seat  which  may  be  renewed  when  worn,  and  metal  gaskets 
between  the  bonnets  and  flanges. 

The  usual  types  are  Globe,  Angle  and  Gate,  subdivided  into 
screwed  and  flanged.  Fig.  37  is  a  generally  adopted  type  of  the 
flanged  globe  ammonia  valve,  while  Fig.  38  represents  the  angl© 
valve  of  the  same  construction.  This  seems  to  represent  the  best 
elements  of  a  durable  and  eflicient  valve. 


Fig.  35. 

For  a  valve  or  cock  requiring  a  fine  adjustment  as  is  frequently 
the  case  in  direct-expansion  systems,  particularly  where  the  length 
of  the  evaporating  coil  or  system  is  short,  a  V-abaped  opening  is 
desirable.  Fig.  39  represents  a  cock  for  this  purpose  which  will 
be  found  to  be  effective  and  meet  the  most  exacting  requirements. 

Pressure  Gauges.  Two  gauges  are  necessary  fur  an  ammonia 
plant  of  a  single  system;  one  to  indicate  the  discbarge  or  con- 
densing pressure,  and  one  for  the  evaporator  or  return  gas  pressure 
to  the  compressors. 

Owing  to  the  action  of  ammonia  on  bi'ESs  and  copper  the 
gaoges  for  this  purpose  differ  from  the  ordinary  pressure  gauge  in 
that  it  is  made  with  a  tube  and  connections  of  steel  instead  of  brass, 
and  this  construction  is  the  general  choice  of  gauge  makers;  in 
other  respects  the  constnictiou  is  similar.     For  mat^ines  of  small 
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caparitT  iastratntrnts  vith  6-inch  duds  ue  common,  while  for  la^ 
plsi^ta  "-iscb  U  the  generallv  ulopted  size.  The  gradaation  fur 
HiK  high  pnrssnre  gauge  is  dsiuIIt  to  300  pomida  pressure,  aod  it 
a  oi-mpoaad  gaiigv  is  nsed.  it  is  made  to  read  to  a  vacnnm  al^. 
Tali  latter  is  odIt  need^l  on  certain  occasions  and  frequently 
omitted  from  the  hiah-prvamre  gang?.  Owing  to  the  neceseity  of 
removing  the  contt^nu  of  the  system  at  certain 'times  and  nsnally 
throogh  the  evaporaiing  «ide  of  the  plant,  the  gauge  for  this 
portion  of  the  Bjstem  is  graduateJ 
to  read  from  a  vacnum  to  1'^  jwaods 
pressure. 

Inconnectingthegangesto  thesi"?- 
teiu,  it  is  customary  to  locate  the 
opening  in  the  discharge  and  return 
gas  lines  near  the  machine  \rilbiD  the 
engine  room,  placing  a  stop  valve  at 
some  convenient  point  and  earning 
a  line  of  J  or  i  inch  extra  strong 
pipe  to  tbe gauges,  making  the  joints 
with  tlif  usual  ammonia  unions.  Ou 
account  of  the  possiltility  of  lcal:aj;i? 
of  ammonia  gas  from  the  gauge  tiiW. 
it  is  often  considered  advisable  to  fill 
the  gauge  pijie  with  oil  (of  the  kiinl 
used  for  lubricating  the  aiumoiiia 
compressor)  for  a  short  distance  above 
[,  ^,,  '.^.  the  gauges,  ujwn  which  the  pressure 

of  the  gas  will  act,  causing  the  ga"^ 
to  HKJve  propt-rly  but  without  allowing  the  ammonia  gas  to  enlfr 
the  i^uiii^f.  This  is  ail  ii]i|jlicatiou  of  the  same  principle  as  ibf 
steam  sv|ihon  or  bciit-pijie  arrangement  in  use  with  steam  gaugi'^. 
for  the  j)iir[K)se  of  keeping  the  beat  and  action  of  steaui  from  'be 
gauge  nicclumism  by  the  retaining  of  water  in  the  gauge  con- 
nect ion. 

Other  g!iugi-3  used  about  the  refrigerating  plant  are  of  lli^ 
ordinary  prcf^sure  or  vacuum  types  and  do  not  nei'd  a  sjjecial  ""■ 
Hcriptiun,  as  their  construction  and  manner  of  ajjplying  to  ibe 
dllferf^nt  parts  of  the  system  are  well  known  to  the  engineer.   " 
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-j^— wi:c  ^  *  T-.ii^'-r— 1  fc^r  the  tTU9iiii£- 
rl'ia  cf  it:az  frici  :i*  j»:-::iE  or  ol'jt<t 
zr.  Ik  K^r^eam^  to  tbe  aiii^n->Ela  or 
irirrT  rrfrl^en^.;.  ti.-l  MxoT*iixis'.j  may 
':*7  f -fi^'i  ia  j'*~~  13  which  thi?  appli- 

li  iit  rr5r!^radae  practice  of  todiT, 
rr  >  tl^-ii  o!  t-H:ie  »re  ia  lue,  chloriiie 
'-f  eal'if^m,  «iai  diloride  of  sodium 
■x.:^— on  s»!!\  Either  one  is  dissolved 
U.  Tiler  gaging  a  solntioD  of  tlie 
pr;T»:r  Crasirr:  it  is  thi:-n  pamped  from 
tl-;  ':  rl- e  tir.k:  or  cooler  to  the  objects  to 
t«?  rvfr:i?rra:cl.  and  ivmrnt^  br  a  sts- 
:-.:..  f  f  i::^s  to  In?  rtvooVl  auJ  atpiiii 
i.-;.- .- il j:-*!    tLrocgh    the     tvfrigeratiiig 

''"'.. "•riie  of  ca'oiam  brint^  may  ne 
::  1 :-- of  sr.i'h  dfiijiiy  that  its  frifziiig 
[-.':.t  is-  -j-1'  Fabr,  y'>i'  bi-Iow  zi-roi 
•■v'lS.t:  i-iiloride  of  sodium  (salt)  brine  of 
iii;i\:iiiiim  d*-n&ity  or  strvDgth  freeaa 
at  f'^  KuLr,  It  will,  therefore,  be  seen 
tluit  for  Tf  ry  low  temperatnms  calciom 
brine  ebould  be  used.  For  brine 
coulcrs  ia  whii'b  the  brine  passes 
through  tlie  pipes,  and  the  aminoiiiik  is 
eva[ioraifd  on  tbo  outside  with  a  tem- 
iHTtitun:  of  a  fuw  di-<'Te<'3  below  zero,  and  the  brine  not  in  aetive 
circulation,  i-iiU  brJiie  would  bo  frozen,  bursting  the  pipea  and 
i-:iiisiiii'  u  considurablo  loss.  The  calcium  briue  may  be  made  of 
Hudi  d(!iiHiiy  or  strength  as  to  make  this  impoHsibl©  It  will, 
tliemrori'.    I'll  evident  that  for  use  in  conDection  with   a   brine 


Fig.  39. 
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cooler,  the  chloride   of   calcium   brine    is  necessarily  the  choice 
It  also  has  no  corroding  effect  on  pipes,  pumps  or  other  connec- 
tions, and  while  the  cost  is  somewhat  more  than  that  of  salt,  the 
general  advantages  are  decidedly  in  its  favor. 

For  the  brine  tank  and  coil  system  of  refrigeration  salt  brine 
may  be  safely  used,  and  is  largely  used  at  the  present  time.  The 
evaporation  of  the  ammonia,  being  within  the  pipes,  can  only 
effect  the  freezing  of  a  small  portion  on  the  outer  surface,  and 
without  damage  to  the  plant.  As  its  temperature  may  be  reduced 
to  zero,  or  even  below  (if  circulation  be  maintained)  it  is  effective 
for  practical  purposes  wherein  the  temperature  required  is  not 
below  that  point.  The  proper  density,  or  strength  of  brine,  either 
calcium  or  salt  is  determined  by  the  temperature  to  which  it  is 
necessary  to  be  reduced,  and  the  tables  on  pages  79  and  80  will  be 
found  valuable  in  determining  the  proper  strength  for  different 
requirements.  It  should  be  remembered,  however,  that  a  differ- 
ence of  from  5°  to  10''  Fahr.  exists  between  the  temperature  of 
the  brine  and  that  of  the  evaporating  ammonia,  and  that  while  the 
strength  of  the  brine  may  appear  ample  for  the  temperature  at 
which  it  is  carried,  the  lower  temperature  of  the  evaporating 
ammonia  may  cause  it  to  solidify  within  or  upon  the  surface  of 
the  evaporator,  thus  Ciiusing  it  to  separate,  or  freeze,  and  act  as  an 
insulator  and  prevent  the  transmission  of  heat  through  the  surface. 
It  is,  therefore,  necessary  in  examining  into  the  strength  of  the 
brine,  to  consider  it  with  reference  to  the  evaporating  pressure  of 
the  ammonia  as  well  as  its  own  temperature. 

In  the  last  column  of  the  tables  is  given  the  gauge  pressure, 
corresponding  to  the  freezing  point  of  the  brine  of  different 
strengths. 

The  usual  and  proper  instrument  for  determining  the  strength 
of  brine  is  the  Beaume  scale,  for  chloride  of  calcium  brine.  A 
weighted  glass  tube  and-  bulb  (Fig.  40)  is  graduated  0  to  100,  the 
former  being  its  floating  point  in  water  and  the  latter  the  floating 
point  in  a  saturated  solution  of  salt  brine.  By  comparison  of  the 
two  in  the  table  of  calcium  brine  it  will  be  observed  that  the  ratio 
of  the  two  scales  are  as  1  to  4  which  makes  it  possible  to  obtain 
one  from  the  other. 

In  using  the  scales  it  is  customary  to  draw  a  sample  of  the 
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tihe  cask  full  of  the  calcium  or  satt,  and  sllowing  a  portion  of  the 
retnra  flow  of  brine  to  pasa  through  the  cask,  dissolving  the  cod- 
tents  and  flowing  into  the  tank. 

Calcium  is  osually  obtained  in  sheet-iron  drums,  holding 
about  600  poaads  each;  it  is  in  the  shape  of  a  solid  cake  within 
the  dram.  It  is  advisable  to  roll  these  onto  the  floor  or  top  of 
tank  in  which  the  brine  is  to  be  made  and  pounded  with  a  sledge 
hammer  before  removing  the  iron  casing,  this  process  breaking  it 
op  into  small  pieces  without  its  flying  abont  the  room.  After 
breaking  it  up  the  shell  may  be  taken  off  and  the  contents  shov< 
elod  into  the  mixer. 


Fig  41 

It  is  also  Bold  and  shipped  in  liquid  form,  in  tank  cars, 
generally  in  a  concentrated  form  (on  account  of  freight  charges) 
and  dilated  to  the  proper  point  upon  being  put  into  the  plant. 
Where  proper  railroad  facilities  exist,  this  is  probably  the  most 
desirable  way  of  obtaining  the  calcium. 

Salt  ia  sold  and  may  be  obtained  in  a  number  of  forms.  The 
Dsnal  shape  for  brine  is  the  balk,  or  in  sacks  of  about  200  pounds 
each.  Where  it  is  possible  to  handle  salt  in  bulk,  direct  from  the 
car  to  the  tank,  this  la  most  generally  used  on  account  of  the 
price,  being  about  $1.00  per  ton  less  than  if  sacked.  If  it  ia 
QeceBsary  for  it  to  be  carted  or  stored  before  using,  the  sack  form 
ia  preferable.  The  coarser  grades  of  salt  are  used  for  this  pur- 
poee.  No.  2  Mine  being  the  grad«  commonly  used.    The  finer 
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salts  are  higher  in   price,  without  a  corresponding  increase  iu 
strenffth  of  the  brine  formed. 

The  proper  density  or  strength  of  the  brine  most  be  deter- 
mined for  various  temperatures.  As  a  rule  its  freezing  point  should 
be  equal  to,  or  slightly  below,  the  temperature  of  the  evaporating 
ammonia,  rather  than  the  temperature  of  the  coldest  brine,  as  is 
common.  Referring  to  the  table  of  salt  brine  solution,  page  80; 
if  we  wish  to  carry  a  temperature  of  10^  Fahr.  in  the  outgoing 
brine,  it  is  necessary  that  the  temperature  of  the  evaporating  am- 
monia be  from  5^  to  10^  degrees  below  that  point,  in  order  that 
the  transfer  of  heat  from  the  brine  to  the  ammonia  will  be  rapid 
enoucrh  to  be  effective,  whicli  would  mean  that  the  ammonia  would 
be  evaporating  at  a  temjierature  of  practically  C  Fahr.  To  pre- 
vent the  brine  freezinjjf  against  the  walls  of  the  evaporator  its 
strength  or  density  should  be  made  to  correspond  with  this,  or 
from  l>o^  to  IW  on  the  salometer.  This  should  be  cared  for 
more  especially  in  connection  with  plants  using  the  brine  cooler,  in 
which  the  brine  is  within  the  coil,  than  in  the  brine  tank  system 
in  which  the  ammonia  is  inside  the  pi{>«  and  the  brine  outside; 
here  the  only  dain'-er  or  loss  would  be  in  etHciency. 

In  exaiiiiriiii^  into  the  causes  of  failure  in  a  ])laut  to  j)erform 
its  usual  or  rated  cajiacitv,  it  is  advisable,  unless  there  is  every 
evidence  that  the  trouble  is  elsewhere,  to  make  an  examination  of 
the  brine  and  determine  that  its  strentrth  and  condition  is  suited 
to  the  duty  to  be  performed. 

DIRECT  EXPANSION. 

As  its  name  would  imply,  this  system  of  refrigeration  is  one 
in  which  the  refrigerant  is  expanded  or  evaj)orated  in  direct  contact 
with  the  duty  to  bo  performed,  without  an  intermediate  agent  for 
the  transfer  of  the  heat.  Its  application  admits  of  quite  a  variety 
of  aj)paratus  to  meet  the  requirements  of  refrigerating  practice,  the 
most  general  of  wdiich  is  the  expansion  within  a  pipe  system  placed 
in  a  room  to  be  refrigerated,  or  within  or  between  a  series  of  pip®^ 
over  or  within  which  the  substance  to  be  refrigerated  is  passed. 

While  the  former  system  admits  of  a  variety  of  arrangements 
of  the  pi})es  within  the  room  or  chamber  to  be  refrigerated,  it  ^^ 
confined  to  the  simple  principle,  however,  of  the  evaporation  of  tn^ 
refrigerant  within  the  pipes,  by  the  transfer  of  heat  through  ^^ 
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walls  of  the  pipe,  thereby  reducing  the  temperature  in  the  room  or 
chamber  to  the  desired  piiiiit,  and  for  certain  purposes  is  a  very 
satisfactory  means  of  produein<j  the  desired  results.  Tliis  is  prin- 
cipally true  with  large  rooms  in  which  the  temperature  and  duty 
to  be  performed  is  constant,  such  as  a  brewery,  jmckinfj  house,  and 
cold-storage  rooms.  For  rooms  requiring  an  unusually  low  tem- 
perature, as  freezers  of  lish  and  jwultry,  direct  exjiansion  is  desir- 
able, because  it  is  possible  to  more  nearly  reach  the  temperature  of 


Pig.  42. 

the  refrigerant  direct,  than  with  an  intermediate  ai^ent,  as  brine; 
this  is  due  to  the  fact  that  there  must  necessarily  be  a  ditference  of 
from  5°  to  10"  between  the  temperatures. 

Fig.  42  illustrates  a  direct  expansion  construction  in  which  the 
liquid  auhydrons  ammonia  is  expanded  by  the  valve  or  cock  A  into 
the  coil  or  system  of  pipes  B  and  the  gas  returning  to  the  com- 
pressor  through  the  pipe  C. 

Fig.  43  represents  a  fish-freezing  room  on  either  side  of  which 
is  arranged  a  series  of  pipe  shelves,  through  which  the  ammonia  ia 
evaporated.     The  fish  are  laid  on  tin  trays  and  placed  on  the  pipe 
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shelves  iiDtil  the  room  is  filled.  It  is  then  dosed,  the  ammoou 
tnrDed  on  and  left  nntil  tbo  freezing  has  been  accomplished. 

It  is  apparent  from  the  arrangemeDt  of  the  coils  being  both 
jibove  and  lielow  the  trays  holding  the  fish,  and  close  leather,  that 
the  effect  unist  Iw  very  rapid. 

In  the  oooling  of  beer  or  other  liquids,  two  forms  of  apparatna 
are  iibikI  :  one  (the  most  common),  being  a  series  of  a  2-inch  pipe  with 
return  beads,  stands,  etc.,  over  which  the  liquid  to  be  cooled  is  flowed 


and  ivitliLii  wliii-li  the  aininniiiii  is  eviijioraletl,  the  product  In-ini! 
accumulatcil  in  im  iron  jwiii  or  other  receptacle  in  which  the  coiil- 
ilactnl.      In  brewery  practice  it  is  customary  to  pro- 
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vide  a  double  si-ries  of  coib,  one  above  tbo  other,  cold  water  Ix' 
cireulati'd  through  llin  upjx-r  section,  and  the  ammonia  throuj;h 
the  lower,  the  efleet  of  which  is  first  to  remove  the  heat  from  the 
wort  as  far  as  jmssible  by  the  use  of  water,  and  the  remainder  of 
the  cooling  being  accomplisbed  by  the  evaporation  of  the  ammonia. 
This  ajiparatus  is  called  the  ]{audelot  Cooler  and  is  illustrated  in 
Fig.  U. 

Fig.  45  represenlB  a  section  of  a  double-pipe  cooler  for  water 
or  other  liquids  and  is  similar  to  the  form  of  double.pipc  con- 
denser or  cooler  already  described.  It  varies  only  in  the  construc- 
tion of  the  inner  tube  which  is  corrugated  to  prevent  bursting  by 
freezing,  which  becomes  possible  when  used  to  cool  a  congealable 
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liquid.  In  the  operation  of  this  type  of  cooler,  when  used  as  an 
evaporator  or  direct  expansion  cooler,  it  is  usual  to  reverse  the 
two  currents,  by  feeding  or  expanding  the  ammonia  into  the  bot- 
tom of  the  coil  the  gas  issuing  from  the  top,  while  the  liquid  to 
be  acted  upon  enters  at  the  top  of  the  coil  and  issues  from  the 
bottom.  This  typo  of  cooler  is  largely  used  in  cooling  carbonated 
ale,  as  it  must  be  kept  from  the  atmosphere,  and  for  cooling  drink- 
ing water  in  circulating  systems  now  installed  in  hotels,  office 
buildings  and  department  stores. 

Purginj^  and  Pumpins^  out  Connection.  A  common  cause  of 
&ilure  to  operate  properly  and  effectively  is  the  introduction  of 
some  foreign  substance  into  the  system.  This  will  be  readily 
understood  and  appreciated  by  engineers  and  those  familiar  with 
the  requirements  of  a  steam  boiler.  Clean  surfaces  on  the  shell 
or  tubes  are  necessary  for  the  maximum  evaporation  of  water,  or 
the  transfer  of  heat  through  the  walls  of  pipe  or  other  forms  of 
heat-transmitting  surface.  The  most  common  difficulty  encoun- 
tered  in  a  refrigerating  plant  is  oil,  either  in  its  natural  condition. 
or  saponified  by  contact  with  the  ammonia,  water  or  brine.  It 
enters  the  system  in  many  ways:  through  leakage,  condensation  in 
blowing  out  the  coils  or  system,  foreign  gas  arising  from  decom- 
position  of  the  ammonia  through  excessive  heat  and  pressure,  or 
the  mingling  of  air  which  may  enter  the  system  through  pumping 
out  below  atmospheric  pressure  or  the  air  may  have  remained  in 
the  system  from  the  time  of  charging,  never  having  been  fully 
removed.  It  is  also  probable,  though  hard  to  determine  with  cer- 
tainty owing  to  the  various  conditions  surrounding  the  operation  of 
plants,  that  impurities  are  introduced  with  the  ammonia,  either  as  a 
liquid,  gas  or  air  which  afterwards  becomes  impossible  to  condense. 

The  oil  in  a  system  forms  a  covering  or  coating  on  the  evap- 
orating surface  which  acts  as  an  insulation  and  prevents  the  ready 
transfer  of  heat  through  the  walls  of  the  eva|)orator.  The  j)re8- 
ence  of  water  or  brine  causes  an  absorption  of  a  j)ortion  of  the 
ammonia  into  the  water  or  brine,  forming  aqua  ammonia  which 
raises  the  boiling  point  of  the  ammonia  and  causes  material  loss  in 
the  duty.  Air  or  other  non -condensable  gas  in  the  system,  excludes 
an  equal  volume  of  the  ammonia  gas,  thereby  reducing  the  avail- 
able condensing  surface  in  that  proportion. 
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For  the  pnrpose  of  cleaaiDg  the  system  and  removing  the 
different  imparities  ^hich  may  appear,  purge  and  blow-off  valves 
and  coaDections  are  provided.  One  of  these  is  placed  at  or  Dear 
the  bottom  of  the  oil  interceptor,  which  is  located  between  &e 


compressors  and  thr  eondonser;  it  ia  iist-d  to  draw  off  the  oil  vfd 
as  a  lubricant  in  the  comi.ressor  and  jirecipitati'd  to  the  bottom. 
This  oil  should  not  1h3  allowed  to  accumulate  to  any  great  extent 
as  it  may  bo  carried  forward  to  the  condenser  by  the  current  of 
the  gaa. 
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If  the  liquid  ammonia  receiver  be  placed  in  a  vertical  position 
it  is  customary  to  place  a  purge  valve  in  the  bottom  for  drawing 
off  oil  or  other  impurities.  The  supply  of  liquid  to  the  evaporator 
being  taken  off  at  a  short  distance  above  the  bottom  say  4  to  6 
inches. 

The  next  point  for  the  removal  of  impurities  is  at  the  bottom 
of  the  brine  cooler,  or  lowe'  manifold  of  the  coil  system  in  a  brine- 
tank  refrigerator.  These  may  be  tried  as  often  as  necessary  to 
determine  the  state  of  cleanliness  of  the  system.  If  the  system  is 
charged  with  any  of  the  common  impurities,  they  should  be  blown 
out  and  the  system  cleansed  at  the  earliest  possible  moment,  as 
they  cause  a  decided  loss. 

Air  or  foreign  gases  accumulate  in  the  condenser  because  the 
constant  pumping  out  of  the  evaporating  system  tends  to  remove 
them  from  that  part  of  the  system  to  the  condenser.  This  point, 
therefore,  is  the  most  natural  place  for  their  removal.  For  this 
purpose  it  is  customary  on  the  best  condensers  to  place  a  header  or 
manifold  at  the  top  at  one  end,  and  connect  each  of  the  sections  or 
banks  with  a  valved  opening.  A  valve  is  also  placed  at  each 
end  of  the  header,  and  a  connection  from  one  end  of  this  header 
made  to  the  return  gas  line  between  the  evaporator  and  the  com- 
pressors. By  closing  the  stop  valves  on  the  gas  inlet  and  liquid 
outlet  of  any  one  of  the  sections  and  opening  the  purge  or  pump- 
ing-out  line  into  the  gas  line  to  the  compressors,  the  section  or 
bank  may  be  emptied  of  its  contents  for  repairs  or  examination 
and  then  connected  up  and  put  into  service  without  shutting  down 
the  plant,  or  a  material  loss  of  ammonia.  For  purging  of  air  or  gas, 
the  valve  should  be  closed  between  this  header  and  the  machine, 
and  the  valve  on  the  opposite  end  opened  to  the  atmosphere,  the 
valves  on  each  section  opened  slightly  in  turn  while  the  foreign 
gases  are  expelled.  This  process  should  not  be  used  while  the 
compressor  is  in  operation,  as  the  discharge  of  the  ammonia  into 
the  condenser  would  keep  the  gas  churned  to  the  extent  that  it 
would  become  impossible  to  remove  the  foul  gases,  without  reniov. 
ing  a  considerable  portion  of  the  ammonia  also. 

For  this  reason  it  is  customary  before  blowing  off  the  con. 
denser  to  stop  the  compressor  and  allow  the  water  to  flow  over  the 
tondenser  until  it  is  thoroughly  cooled.     SuflScient  time  should 
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elapse  for  the  ammonia  to  liquefy  and  settle  towards  the  bottom, 
while  the  air  and  lighter  gases  rise  to  the  top,  at  which  point  they 
may  be  blown  out  through  the  purge  valve  to  the  atmosphere.  If 
doubt  exists  as  to  whether  ammonia  or  impurities  are  being  blown 
out  attach  a  piece  of  hose  to  the  end  of  the  purge  valve  and  im- 
merse its  other  end  in  a  pail  of  water.  If  it  is  air,  bubbles  will 
rise  to  the  surface,  while  if  it  is  ammonia,  it  will  be  absorbed  into 
the  water;  the  mingling  of  the  ammonia  with  the  water  will  cause 
a  crackling  sound,  and  the  temperature  of  the  water  will  increase 
owing  to  the  chemical  action. 

TESTING  AND  CHARQINQ. 

Having  described  the  different  parts  of  the  refrigerating  plant 
and  their  relations  to  one  another,  let  us  consider  the  process  of 
testing  and  charging,  or  introducing  the  ammonia  into  the  system. 
After  the  connections  are  made  between  the  different  parts,  whether 
the  system  is  brine  or  direct  expansion,  it  is  necessary  to  introduce 
ftir  pressure  into  it  to  determine  the  state  of  the  joints.  This  may 
be  done  in  sections  or  altogether.  It  is  customary,  however,  to  put 
a  higher  pressure  on  the  compression  side  of  the  plant  than  on  the 
evaporator  owing  to  the  difference  in  the  pressure  carried  in  opera- 
tion.  Adjacent  to  each  compressor  is  placed  a  main  stop  valve,  on 
both  the  inlet  and  outlet  sides,  while  on  either  side  of  these  it  is 
customary  to  place  a  by-pass  or  purge  valve. 

Before  starting  the  compressor,  the  main  stop  valve  or  valves 
(if  there  be  two)  on  the  inlet  or  evaporating  side  of  the  compressor, 
is  closed,  the  small  valve  between  the  compressor  and  the  main 
stop  valve  opened,  and  all  of  the  other  valves  on  the  system  opened 
except  those  to  the  atmosphere.  The  compressor  may  then  be 
started  slowly,  air  being  taken  in  through  the  small  by-pass  valves 
and  compressed  into  the  entire  system.  It  is  well  to  raise  a  few 
pounds  pressure  on  the  entire  system,  before  admitting  water  into 
the  compressor  water  jackets  or  other  parts  of  the  system,  because 
if  a  joint  were  improperly  made  up,  it  would  be  possible  for  the 
water  to  enter  the  compressors,  or  coils  of  the  condenser  or  evap- 
orator, and  serious  damage  or  loss  of  efficiency  in  the  plant  occur 
which  it  might  be  impossible  to  loca'ie  afterwards.  While  if  pros- 
sure  exists  within  the  system  when  the  water  is  admitted,  its 
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Many  engineers  require  the  vacnnm  test  as  well  as  the  fore- 
going, and  although  if  the  former  is  gone  over  thoroughly,  there  can 
be  little  chance  of  leakage  afterwards,  it  is  better  to  be  over-exacting 
than  otherwise  in  the  matter  of  testing  and  preparation  of  the  plant, 
thus  preventing  the  possibility  of  leaks  that  may  prove  disas- 
trous. Open  the  main  stop  valves  on  the  inlet  line  and  close  the 
main  valves  above  the  compressor  on  the  discharge  line,  closing 
the  by-pass  valves  in  the  suction  line,  and  opening  those  in  the 
discharge  line  between  the  main  stop  valve  and  the  -compressor. 
SsLve  all  the  other  valves  on  the  system  open  as  before  for  testing. 
Starting  the  compressor  draws  in  the  air  filling  the  system  through 
the  compressor  and  discharging  it  at  the  small  valve  left  open. 
Assuming  the  system  to  be  tight,  continuing  the  operation  will 
finally  exhaust  the  air  (or  nearly  so),  when  the  small  valves  should 
be  closed  and  the  pressure  gauges  watched  to  determine  whether  or 
not  leakage  exists. 

Assuming  that  the  system  and  apparatus  is  tight  in  every 
particular  and  that  it  is  otherwise  ready  to  be  placed  in  operatiouj 
we  are  now  ready  to  charge  the  ammonia  into  the  plant. 

If  the  air  has  been  exhausted  from  the  system  in  testing,  this 
usual  step  need  not  be  taken  before  charging,  and  it  is  only  neces- 
sary to  put  the  machine  in  proper  condition  to  resume  the  pump- 
ing of  the  gas,  and  attach  a  cylinder  of  ammonia  to  the  charging 
valve  to  enable  the  refrigeration  to  be  commenced.  The  main 
stop  valves  above  the  compressor  which  were  closed  in  expelling 
the  air  should  now  be  opened  and  by-pass  and  other  valves  to  the 
atmosphere  closed.  Close  the  outlet  valve  from  the  ammonia 
receiver  and  start  the  machine  slowly,  at  the  same  time  opening 
the  feed  valve  between  the  drum  of  ammonia  and  evaporator. 
The  anhydrous  liquid  ammonia  will  fiow  into  the  evaporator 
through  the  regular  supply  pipe,  the  gas  resulting  from  evapora- 
tion being  taken  up  by  the  compressors  and  discharged  into  the 
condenser  and  finally  settling  down  into  the  receiver,  when  a 
sufficient  quantity  has  been  introduced  to  form  a  supply  there. 
Upon  closing  the  valves  between  the  drum  from  which  the  sup- 
ply is  being  drawn,  and  opening  the  outlet  valve  from  the  re- 
ceiver, the  process  of  refrigeration  by  the  compression  system  is 
regularly  in  operation. 
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it  to  have  been  affected  hj  the  ammonia.  Its  use  shonid  not  be 
continaed. 

By  opening  the  purge  valves,  which  are  usually  provided  at 
the  bottom  manifold  or  header  of  the  brine  tank  and  the  bottom 
head  of  the  brine  cooler,  oil  or  water,  if  any  be  in  that  part  of  the 
system,  may  be  drawn  off.  These  valves,  however,  should  not  be 
opened  unless  there  is  some  pressure  in  that  part  of  the  system,  as 
air  would  be  admitted  if  the  pressure  within  the  apparatus  is 
below  that  of  the  atmosphere.  Air  may  enter  the  system  through 
a  variety  of  causes  and  its  presence  is  attended  with  higher  con- 
densing pressure  and  a  faMing  off  in  the  amount  of  work  performed. 
For  the  removal  of  air  from  the  apparatus  a  purge  valve  is  placed 
at  the  highest  point  in  the  condenser  or  discbarge  pipe  from  the 
compressors  near  the  condenser,  which  may  be  tried  when  the 
presence  of  air  or  foreign  gases  is  suspected.  This  should  be  done 
after  the  compressor  has  been  stopped.  When  the  Condenser  has 
fully  cooled  and  the  gases  separated,  a  small  rubber  hose  or  pipe 
may  be  carried  into  a  pail  of  water  and  the  purge  valve  or  valves 
slightly  opened.  If  air  or  other  gases  exist  in  the  system  bubbles 
will  rise  to  the  surface  of  the  water  so  long  as  it  is  escaping,  while, 
if  ammonia  is  being  blown  off,  it  will  be  absorbed  in  the  water 
and  not  rise  to  the  surface. 

To  prevent  the  possibility  of  air  getting  into  the  system,  the 
evaporating  pressure  should  never  be  brought  below  that  of  the 
atmospheric,  or  0°  on  the  gauge,  as  at  such  times,  with  the  least 
leakage  at  any  point,  it  is  sure  to  enter.  Should  it  become  neces- 
sary to  reduce  the  pressure  below  that  point,  it  is  well  first  to 
tighten  the  compressor  stuffing  boxes  and  allow  the  pressure  to 
remain  below  0"^  only  the  shortest  possible  time  as  not  only  air 
may  enter,  but  if  it  be  the  brine  system  and  a  leak  exists,  brine 
also  will  be  drawn  in. 

From  the  foregoing  it  is  evident  that  in  order  to  obtain  satis- 
factory results,  the  interior  of  the  system  must  be  kept  clean  by 
purging  at  the  different  points  provided  for  this  purpose;  and  it 
need  only  be  added  in  this  coimection,  that  when  the  presence  of 
oil  or  n\Qisture  becomes  apparent  in  any  quantity,  the  coils  or 
other  parts  should  be  disconnected  and  blown  out  with  steam 
until  thoroughly  clean  and  afterwards  with  air  to  make  certain 
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that  condensation  from  the  steam  does  not  remain,  after  which  the 
parts  may  again  be  connected  and  tested  ready  for  operation. 

If  the  phint  be  a  brine  system  it  is  necessary  that  the  brine 
be  maintained  at  a  proj)er  strength  or  density  to  obtain  satisfae- 
tory  results,  for  if  it  becomes  weakened  it  freezes  on  the  surfaces 
of  the  pi})es  or  evaporator,  acting  as  an  insulator  and  preventing 
the  rapid  transmission  of  heat  through  the  walls. 

Frequently  the  engineers  or  owners  in  looking  about  for  the 
cause  of  a  falling  off  in  the  capacity  of  a  plant,  overlook  the  fact 
ihat  the  strength  of  the  brine  is  the  sole  difficulty,  and  the  addi- 
tion of  salt  or  chloride  of  calcium  is  a  remedy.  Referring  to  the 
tables  of  brine  solutions,  there  should  be  no  difficulty  in  determin- 
ing the  proper  strength  of  the  brine  for  the  different  temperatures 
at  which  the  ])lant  may  be  operating;  but  as  already  stated,  this 
should  be  made  to  correspond  to  the  temperature  of  the  evaporat- 
ing ammonia  ratlier  than  the  temperature  at  which  the  brine  may 
be  handled. 

It  is  of  great  importance  to  know  at  all  times  whether  or  not 
the  gas  taken  into  tlie  compressors  is  fully  discharged  into  the 
condenser,  as  tlie  sli(j;iitest  loss  at  tliis  point  is  certain  to  make 
itself  ft'lt  in  tlu^  optM-atioii  of  tlie  ])lant.  Tlie  compressor  or  valves 
seldom  lU'cd  In*  taken  apart  to  determine  tluMr  oiK^ration.  The 
engineer  should  be  ahle  to  discern  the  slightest  chancTe  in  teni- 
])eraturo  from  the  normal,  when  the  compressors  are  working  at 
their  best,  l>y  placing  the  hand  on  the  inlet  and  outlet  pipes  or  the 
lower  part  of  the  compressors.  Should  the  inlet  pipe  to  one  com- 
pressor be  wanner  than  that  to  the  other  (of  a  pair),  or  the  frost  on 
the  pij)e  from  the  evaporator  reach  nearer  one  compressor  than  the 
other,  it  is  then  certain  that  the  one  with  the  higher  temperature, 
or  from  which  the  frost  is  farthest,  is  not  working  pro})erlv  or 
doing  as  much  duty  as  the  other,  and  it  is  equally  certain  that 
some  condition  exists  which  prevents  the  complete  fillino-  and  dis- 
charge of  its  contents;  possibly  it  has  more  clearance  or  leaky 
valves. 

The  most  common  difficulties  exj)erienced  with  ammonia  con- 
densers are  those  of  keeping  the  external  surfaces  clean  and  free 
from  deposits,  and  preventing  the  accumulation  of  airorforeitm 
gases  within.     Deposits  on  the  surface  are  usually  of  two  kindsy  one 
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which  remains  soft  and  may  be  washed  off  with  a  brush  or  wire 
scraper  such  as  is  used  for  cleaning  castings  in  a  foundry,  the  other 
a  hard  dejKJsit  which  must  be  loosened  with  a  hammer  or  8cra|)er.  It 
is  hardly  necessary  to  explain  in  detail  the  methods  employed  in 
cleaning  the  condenser  as  this  is  a  matter  that  each  engineer  will  be 
able  to  accomplish  in  his  own  way.  It  should  not,  however,  be 
overlooked,  and  with  a  condensing  pressure  higher  than  ordinary, 
this  should  be  the  first  point  to  be  examined  after  the  water  supply. 

Air,  or  foreign  gases  due  to  decomposition  of  the  ammonia  or 
other  causes  find  their  way  into  the  condenser  and  make  them- 
selves manifest  generally  in  a  higher  condensing  pressure,  or  a 
falling  off  in  the  duty  to  be  obtained  iTom  the  j)lant.  They  should 
be  blown  off  through  the  purge  ^alve  at  the  top  of  the  condenser 
in  the  manner  already  described. 

It  is  possible,  through  leakage  of  the  coils  or  other  parts  of  the 
apparatus,  that  the  ammonia  may  become  mixed  with  brine  or 
water,  thereby  retarding  its  evaporation  and  interfering  with  the 
pro|)er  or  usual  operation  of  the  plant.  If  this  is  suspected,  a 
samjJe  may  be  drawn  off  into  a  test  glass  through  the  charging 
valve  or  purge  valve  of  the  brine  tank  or  ammonia  receiver,  and 
allowed  to  evaporate,  in  which  case  the  water  or  brine  will  remain 
in  the  glass  and  the  relative  amount  be  determined.  Through 
careful  evaporation,  and  continued  purging  of  the  evaporator  at 
intervals,  this  may  in  time  be  eliminated,  and  care  should  be 
taken  to  prevent  future  recurrence. 

Loss  of  ammonia  should  be  constantly  guarded  against.  It  is 
watchfulness  which  determines  between  a  wasteful  and  an  econom- 
ical plant  in  this  particular,  and  the  engineer  who  allows  the 
slightest  smell  of  ammonia  to  exist  about  the  plant  is  certain  to  be 
confronted  with  excessive  ammonia  bills;  while  he  who  is  constantly 
on  the  alert  and  never  rests  until  his  plant  is  as  free  from  the 
smell  of  ammonia  as  an  ordinary  engine  room^  will  be  referred  to 
as  the  one  who  ran  such  and  such  a  plant  without  addition  of  more 
ammonia  for  so  many  years. 

The  escape  of  ammonia  into  the  atmosphere  is  readily  de- 
tected; but  where  a  leakage  occurs  in  a  submerged  condenser, 
brine  tank  or  brine  cooler  it  is  necessary  to  examine  the  surround- 
ing liquid  to  determine  whether  or  not  it  exists.    For  this  purpose 
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feet  of  external  pipe  surface  for  each  ton,  from  which,  in  comparison 
with  the  amount  required  for  the  brine-tank  system,  the  statements 
regarding  the  relative  eflSciency  of  the  two  methods  of  cooling  brine 
may  be  more  readily  understood.  This  amount  of  surface  would 
practically  correspond  to  35  linear  feet  of  1-inch  pipe,  28  feet  of 
IJ-inch,  25  feet  of  lA-inch  or  19  feet  of  2.inch  pipe.  The  shell  of 
the  cooler  is  made  suflBciently  large  to  contain  only  the  number  of 
coils  necessary,  there  being  no  advantage  in  a  larger  shell. 

The  submerged  type  of  ammonia  condenser  should  contain 
approximately  85  square  feet  of  external  surface  which  nearly  cor- 
responds to  100  linear  feet  of  1-inch  pipe,  80  feet  of  IJ-inch,  70  feet 
of  lA-inch  and  50  feet  of  2-inch  pipe. 

The  atmospheric  type  of  condenser  should  contain  30  square 
feet  of  external  pipe  surface  which  corresponds  to  87  linear  feet 
of  1-inch  pipe,  69  feet  of  IJ-inch,  60  feet  of  1^-inch  and  48  feet 
of  2-inch  pipe. 

The  double-pipe  type  of  condenser,  as  usually  rated,  contains 
7  square  feet  of  external  pipe  surface  for  the  water  circulating  pipe 
and  about  10  square  feet. of  internal  surface  of  the  outer  pipe  and 
corresponds  to  approximately  20  linear  feet  each  of  1^-inch  and 
2-inch  sizes  for  each  ton  of  refrigerating  capacity. 

The  above  quantities  are  based  on  a  water  supply  of  average 
temperature  (60°)  and  quantity.  In  cases  of  a  limited  supply  or 
higher  temperature  than  ordinary,  a  greater  amount  should  be  used. 

The  ammonia  compressor  should  be  of  such  dimensions  that 
it  will  take  away  the  gas  from  the  brine  cooler,  evaporating  coils, 
or  system,  as  rapidly  as  formed  by  the  evaporation  of  the  liquid 
ammonia,  and  unless  the  temperature  at  which  the  plant  is  to  be 
operated  be  known,  it  is  impossible  to  determine  the  volume  of 
gas  to  be  handled  and  the  necessary  sizes  of  the  compressor. 

As  stated  before,  the  unit  of  a  refrigerating  plant  is  usually 
expressed  in  tons  of  refrigeration  equal  to  284,000  B.  T.  U.  Up 
to  the  present  time,  however,  a  standard  temperature  at  which 
this  duty  shall  be  performed  has  never  been  established,  and 
therefore  the  rating  of  a  machine,  evaporator,  or  condenser  by 
tonnage  is  a  merely  nominal  one  and  misleading  to  the  purchaser, 
a  range  of  as  great  as  50  per  cent  very  often  existing  in  the 
tenders  for  certain  contracts.     Upon  the  basis,  however,  of  the 
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average  temperature  required  of  the  refrigerating  apparatus  that 
of  15"^  Fahr.  is  probably  the  mean;  and  at  this  temperature  in  tbe 
outgoing  brine,  it  is  necessary  to  take  away  from  the  evaporator 
nearly  7,000  cubic  inches  of  gas  per  minute  for  each  ton  of 
refrigeration  developed  in  twenty-four  hours.  This  may  be  con- 
sidered as  a  fair  basis  for  the  rating  of  the  displacement  of  the 
compressor  or  compressors  of  the  plant,  unless  a  specific  tem|)era- 
ture  is  stated  at  which  the  plant  is  to  operate.  At  0^  Fahr.  it  is 
necessary  to  calculate  on  approximately  9,000  cubic  inches,  while 
at  28^^  Fahr.  about  5,000  will  be  the  required  amount. 

For  example,  if  we  have  two  single  acting  compressors  12 
inches  diameter  by  24  inches  stroke  oj)erating  at  70  revolutions 
per  minute,  we  would  have  113.01)  (inches,  area  of  12-inch  circle) 
X  24  (inches  stroke)  X  2  (number  of  compressors)  X  70  (revolu- 
tions) -T-  7,000  (cubic  inches  displacement  required)  =  54.28  (tons 
refrigeration  per  24  hours  of  o])eration),  while  if  the  same  machine 
is    to   be   operated   at   or   near   a   temperature   of   zero   and  we 
divide  the  product  by  9,000  we  have  a  capacity  of  42.22  tons  only 
in  the  same  length  of  time.     The  above  quantities  are  given  as 
a])proximate  only,  but  they  have  been  deduced  from   the  avennnre 
results  obtained  from  years  of  practice  and  will  be  found  reliable 
under  avcra(i;e   conditions.     It   is   to   be   hoped,  however,  that  a 
standard  will  soon  be  adopted  w1ir-1i  will  rate  machines  or  plants 
by  cubic  inches  displacement  at  a  certain  number  of  revolutions 
or  a  stated  j)iston  S[)eed,  and  tbe  cooling  of  a  certain  number  of 
gallons   of  brine  per  minute  through   a   certain   range  of  tem- 
perature. 


«xc^cx. 
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Thermometer  Scales. 


Fahr. 

Cent, 

Reau. 

Fahr. 

Cent. 

Reaii. 

Fahr. 

Cent. 

Keau. 

212 

100 

80 

120 

48.9 

39.1 

30 

—  1.1 

0.9 

210 

98.9 

79.1 

118 

47.8 

38.2 

28 

—  2.2 

1.8 

208 

97.8 

78.2 

116 

46.7 

37.3 

26 

—  3.3 

—  2.7 

206 

96.7 

77.3 

114 

45.6 

36.4 

24 

—  4.4 

—  3.6 

204 

95.6 

76.4 

112 

44.4 

35.6 

22 

—  5.6 

4.4 

202 

94.4 

75.6 

110 

43.3 

34.7 

20 

—  67 

—  5.3 

200 

93.3 

74.7 

108 

42.2 

33.8  j 

18 

—  7.8 

6.2 

198 

92.2 

73.8 

106 

41.1 

32.9 

16 

—  8.9 

7.1 

196 

91.1 

72.9 

104 

40 

32 

14 

10 

—  8 

194 

90 

72 

102 

38.9 

31.1 

12 

—11.1 

—  89 

192 

88.9 

71.1 

100 

37  8 

30.2 

10 

—12.2 

—  98 

190 

87.8 

70.2 

98 

36.7 

29.3 

8 

13.3 

10.7 

188 

86.7 

69.3 

96 

35.6 

28.4 

6 

—44.4 

—11.6 

186 

85.0 

68  4 

94 

34.4 

27.6 

4 

—15.6 

—12.4 

184 

84.4 

67.6 

92 

33.3 

26.7 

2 

—16  7 

—13.3 

182 

83.3 

66.7 

90 

32.2 

25.8 

0 

—17.8 

—14  2 

180 

82  2 

65.8 

88 

31.1 

24.0 

—  2 

—18.9 

15.1 

178 

81.1 

64.9 

86 

30 

24 

4 

—20 

16 

176 

80 

64 

84 

28.9 

23.1 

—  6 

—21.1 

—16.9 

174 

78.9 

63. 1 

82 

27.8 

8 

22.2 

—17.8 

172 

77.8 

62.2 

80 

26  7 

21.3 

—10 

23.3 

—18,7 

170 

76.7 

61.3 

78 

25.6 

20.4 

12 

24.4 

19.6 

168 

75.6 

60.4 

76 

24.4 

19.6 

U 

25.6 

—20.4 

166 

74  4 

59.6 

74 

23.3 

18.7 

—16 

26.7 

—21.8 

164 

73.3 

58.7 

72 

22.2 

17.8 

—18 

27.8 

—22.2 

162 

72.2 

57.8 

70 

21.1 

16.9 

—20 

—28.9 

23.1 

160 

71.1 

56.9 

68 

20 

16 

22 

30 

—24 

158 

70 

56 

60 

1H.9 

15.1 

-24 

—31.1 

24.9 

156 

68.9 

55. 1 

64 

17.8 

14.2 

26 

—32.2 

25.8 

154 

67.8 

542 

62 

16.7 

13.3 

28 

—33.3 

—26.7 

152 

66  7 

53.3 

60 

15.6 

12.4 

—30 

—34.4 

—27.6 

150 

65  6 

52.4 

58 

14.4 

11.6 

—32 

—35.6 

—28.4 

148 

644 

51.6 

56 

13.3 

10.7 

—34 

36.7 

—29.3 

146 

63.3 

50.7 

54 

:.2.2 

9.8 

36 

—37.8 

30.2 

144 

62.2 

49.8 

52 

11.1 

8.9 

-38 

—389 

31.1 

142 

61.1 

48.9 

50 

10 

8 

—40 

—40 

—32 

140 

60 

48 

48 

8.9 

7.1 

—42 

—41  1 

—32.9 

138 

58.9 

47.1 

46 

7.8 

6.2 

—44 

—42.2 

33.8 

136 

57.8 

46.2 

44 

6.7 

5.3 

—46 

—43.3 

—34  7 

134 

56.7 

45.3 

42 

5.6 

4.4 

—48 

—44.4 

—35.6 

132 

55.6 

44.4 

40 

4.4 

3.6 

—50 

—45.6 

—36.4 

130 

54.4 

43.6 

38 

3.3 

2.7 

52 

—46.7 

—37  3 

128 

53.8 

42.7 

36 

2.2 

1.8 

—54 

—47.8 

—38.2 

126 

52.2 

41.8 

34 

1.1 

0.9 

—56 

—48.9 

—39.1 

124 

51.1 

40.9 

82 

0 

0 

—58 

—50 

—40 

122 

50 

40 

887 
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PanBDBE,  Ljitimt  Hbat  asio  WnoBT  of  Ajuoku, 
PaopKBins  cr  SUturated  Ahxonia. 


Pra 

«« 

Latent 
Heat 

1 

Volnme  In 

Cu.  Ft.  of 

1  Lb.  Vapor 

Volume  In 

Cn.  Ft.  of 

ILb.  Liquid 

WeigbtoC 
ICo-Ft 

1   AteDlvte 

1 

Gauge 

V&por 

—40 

10.09 

—4  01 

579.67 

34  88 

.0384 

.0411 

— «.% 

13.31 

— 3.3» 

'      576  69 

31.83 

.0386 

.0471 

—30 

14.18 

—  .57 

573.69 

18.69 

.0337 

.0585 

—35 

1&17 

1.47 

570.68 

16.44 

.0388 

.0609 

—30 

ia.45 

a  75 

567.67 

14  48 

.024 

.069 

—15 

aa» 

6.39 

564.64 

13.81 

.0343 

.0775 

—10 

33.77 

9.07 

561  61 

11.86 

.0343 

.m 

—  5 

37.57 

13.87 

558  56 

9.89 

.0344 

.1011 

0 

das7 

15.67 

555  5 

9.14 

.0246 

.1094 

+  5 

S4.17 

19.47 

552.43 

8.04 

.0347 

.1243 

10 

38.55 

33.85 

549.35 

7.3 

.0349 

.1381 

15 

43.»:J 

38.33 

546.26 

6.46 

.035 

.1547 

50 

47.W 

33.25 

543  15 

5.83 

.0353 

.1721 

AS 

53  «< 

38.73 

540.03 

6.24 

.0253 

.1608 

ai> 

5».41 

44.71 

536.93 

4.73 

.0254 

.3111 

S5 

05.U;i 

51.33 

533.78 

4.28 

.0356 

.2336 

4t) 

::i 

58.3 

530.63 

8.88 

.0357 

.2577 

4ri 

Si».<W 

65.06 

527.47 

3.58 

.026 

.2S32 

rK» 

^S.% 

74.20 

524.8 

3.21 

.02601 

.3115 

.v> 

iC  i^\ 

^2  08 

521.12 

2.03 

.02008 

.8412 

eu) 

107.6 

92.9 

517  08 

2.67 

.0265 

.374^"» 

(r» 

11^.08 

10;V88 

515.38 

2.45 

.0266 

.40S1 

70 

i:i>.2i 

114.51 

511.52 

2  24 

.0268 

Am 

75 

I44.e5 

120  55 

50S  20 

2.05 

.027 

.4978 

S<) 

154.11 

180.41 

5<U  60 

1.80 

.0272 

.5291 

^c» 

107.80 

l.V^.16 

501.81 

1.74 

.0273 

..»i4i 

90 

1S-2.S 

108.1 

408. 1 1 

1.61 

.0274 

.6211 

W 

19S.:H7 

I8;i67 

405  29 

1.48 

.0277 

.6756 

KM) 

215. 14 

2<K>.44 

401.5 

1.36 

.0279 

.7853 

105 

282.  OS 

218.28 

4S8.72 

1.29 

.0281 

.786*2 

no 

251.07 

287.27 

485  42 

1.2 

.0283 

.8451 

115 

272.14 

257.44     i 

482.41 

1.13 

.0285 

.9042 

12l»       1 

293.40 

278.70 

478  70 

1.04 

.0287 

.9738 

12.> 

316.16 

801.46 

475.45 

.97 

.0289 

1.172 

130 

840.43 

825.72 

472.11 

.9 

.0291 

1.2218 

la") 

865.16 

850.46 

468.75 

.84 

.0293 

1,8212 

140 

892.23 

877.52 

465.80 

.79 

.0295 

1.4108 

145 

420.49 

405.79 

462.01 

.74 

.0297 

1.4901 

150 

450.2 

435.5 

458. 62 

.09 

.0299 

1.58&6 

REFEIGERATION 


79 


Tablk  of  Calcium  Brine  Solution. 


Deg. 

Deg. 
Salom- 

Per  Cent 
Calcium 

Lbs.  per 
Cu.  Ft. 

Lbs. 
per 

Specific 

Specific 
Heut 

Freezing 

Amin. 
Gauge 

80°  F. 

eter. 

by  Weight 

Sol. 

Gallon 

Gravity 

Point  F. 

Pressure 

0 

0 

0 

0 

0 

1 

1 

32 

47.31 

1 

4 

.943 

1.25 

I 

1.007 

.996 

31.1 

46.14 

2 

8 

1.886 

2.5 

I 

1.014 

.988 

30.33 

45.14 

3 

12 

2.829 

3  75 

1 

1.021 

.98 

29.48 

44.06 

4 

16 

3.772 

5 

i  ' 

1.028 

.972 

28.58 

43 

5 

20 

4715 

6.25 

5 

1.036 

.964 

27.82 

42.08 

6 

24 

5.658 

7.5 

1 

1.043 

.955 

27.05 

41.17 

7 

28 

6.601 

8.75 

i| 

1.051 

.946 

26.28 

40.25 

8 

82 

7.544 

10 

n 

1.058 

.936 

25.52 

39.85 

9 

86 

8.487 

11  25 

n 

1.066 

.925 

24.26 

37.9 

10 

40 

9.43 

12  5 

n 

1.074 

.911 

22.8 

36.3 

11 

44 

10.373 

13.75 

n 

1.082 

.896 

21.3 

34.67 

12 

48 

11-316 

15 

9 

1.09 

.89 

19.7 

32.93 

13 

52 

12.259 

16  25 

2i 

1.098 

.884 

18.1 

31.83 

14 

56 

18202 

17.5 

n 

1.107 

.S78 

16.61 

29.63 

15 

60 

14.145 

18.75 

2J 

1.115 

.872 

15.14 

28.35 

16 

64 

15.088 

20 

2| 

1.124 

.860 

13.67 

27.04 

17 

68 

16.031 

21.25 

25 

1.133 

.86 

12.2 

25.76 

18 

72 

16.974 

22.5 

3 

1.142 

.854 

10 

23.85 

19 

76 

17.917 

23.75 

3J 

1.151 

.849 

7.5 

21.8 

20 

80 

1886 

25 

^ 

1.16 

.844 

4.6 

19.43 

21 

84 

19.808 

26.25 

d\ 

1.169 

.839 

1.7 

17.06 

22 

88 

20.746 

27.5 

3|  " 

1.179 

.834 

—  1.4 

14.7 

28 

92 

21.689 

28.75 

ai 

1.188 

.825 

—  4.9 

12.2 

24 

96 

22.632 

30 

4 

1.198 

.817 

—  8.6 

9.96 

25 

100 

23.575 

31.25 

4i 

1.208 

.808 

—11.6 

8.19 

26 

24.518 

32.5 

4^ 

1.218 

.799 

—17.1 

5.22 

27 

25.461 

33.75 

^ 

1.229 

.79 

21.8 

2.94 

28 

26.404 

85 

H 

1.239 

.778 

-27. 

05 

29 

27.847 

36.25 

^ 

1.25 

.769 

—32.6 

l"Vac 

80 

28.29 

37.5 

5 

1.261 

.757 

—39.2 

8.5"" 

81 

29  233 

38.75 

5i 

1.272 

—40.3 

12 

82 

30.176 

40 

5i 

1.283 

—54.4 

15 

88 

31.119 

41.25 

•H 

1.295 

—52.5 

10 

84 

32.062 

42.5 

5| 

1.306 

• 

—39.2 

A 

85 

83 

43.75 

^ 

1.318 

—25.2 

1.5 

d69 
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Tabue  or  Chloude  or  Soum  (Salt)  Brixe. 


0ffff>M$ 

1^'n.cnt- 

Ribands 

Poim<l< 

SfHrlflc 

Specific 

\                 •■ 

Ammoiib 

(•a     • 

Smkmi. 

( 

Saltprr 

GaoiK 
PrBBvrfe 

0 

0 

0 

0 

1 

1 

83 

47.82 

5 

1« 

.7S5 

.105  , 

1.000 

.09 

30.8 

45.1 

10 

2.5 

1.5i:!« 

212  ' 

1.0181 

.06 

2a6 

43.03 

15 

S.75 

2.401 

[hi 

1.0271 

.07 

86.9 

41 

dO 

5 

a33» 

.433  1 

1.09O 

.96 

35.3 

8a96 

35 

6.35 

4.«» 

.54S 

1.0155 

.043 

33.6 

87.1« 

» 

7.5 

4.9$: 

.064 

1.0517 

.926 

23 

85.44 

15 

i'To 

5.$ai 

.7^ 

1001 

.900 

30.4 

83.6» 

40 

10 

«.70O 

.^7 

1.0733 

.892 

18.7 

S1.8S 

15 

ii.er. 

7-«e2 

1  «>19 

l.t>«s  ' 

.»?3 

17.1 

30.83 

yi 

r:  J 

-.M'2 

1.14: 

l.(Ue:i 

.^74 

15.5 

28.73 

vV» 

!o  7" 

1*4*^2 

1  *>^5 

1  l«'l^ 

.^•U 

13.9 

2T.'24 

tV> 

^.1 

;'.'  :^*V 

:  :>V 

1.1114 

.^io 

12.2 

25.76 

65 

•r:  •;)- 

::  ;M 

I  .*;2*2 

1121:^ 

.^4^ 

10.7 

24.46 

TO 

17  *• 

:e:>7 

!  «C^ 

1.1312 

S42 

9.2 

2:^.16 

•'-  7" 

:;-.  i*; 

1  7iil 

1.1411 

!sa5 

1. 1 

21.i^2 

N> 

•>• 

•    •       r  .^  - 

!.!*■> 

Moll 

-S29 

6.1 

20.4:> 

s.> 

i>-^: 

e  (t^: 

1.1614 

.SIS 

4.6 

19.1rt 

<^) 

*>e   ^ 

Z^  ."Vi** 

'2  y*-: 

1  1717 

.MI6 

3.1 

1h2 

H** 

C:^  7-» 

l7.%Vi 

'2  m: 

1.1^2 

.795 

1.6 

10.S8 

-.'•Li 

>  «ri: 

i4N> 

1  1W33 

.7S3 

0 

15.67 

FUBLIC  LIBRARl 

■nrPgW   FOUNDATION* 


REFRIGERATION. 


PART  II. 


REPRIOBRATION  BY  CARBONIC  ANHYDRIDE  QAS. 

In  general  design  and  requirements,  the  refrigerating  ma- 
chine using  carbonic  anhydride  gas  is  substantially  like  the  ma- 
chine using  ether,  ammonia,  or  carbonic  dioxide  gases  in  that  it 
liquefies  the  gas  by  the  removal  of  the  latent  heat  in  condensers 
and  tanks.  Where  it  differs  materially  is  in  the  pressures  required 
to  accomplish  the  liquefaction  of  the  gas. 

The  following  table  shows  the  pressure  required  for  lique- 
faction at  different  temperatures  from  an  a]>pn)xiuiate  normal 
condition  of  80  degrees  to  a  ])oint  where  the  gas  remains  a  liquid 
under  the  atmospheric  pressure  of  14.7  pounds  from  the  absolute. 

TEMPERATURE  OP  OAS  LIQUEFIED. 


Temperature 

Pressure 

Temperature 

Pressure 

Fahrenheit. 

Pounds  per  sq.  in. 

Fahrenheit. 

Pounds  per  sq.  in. 

80 

10(^).« 

-60 

1.34.2 

70 

8S9.:5 

-70 

113.2 

60 

771.7 

-80 

96.2 

50 

689 . 4 

-1)0 

81.0 

40 

588 . 0 

-100 

70.1 

30 

507.1 

-no 

57.9 

20 

433.0 

-120 

47.4 

10 

367  1 

-130 

38.4 

0 

311.6 

-140 

30.0 

-10 

260.1 

-150 

21.3 

-20 

217.5 

-160 

15  2 

-30 

182  8 

-170 

7.1 

-40 

162.8 

-170.6 

0.0 

-:)0 

156  8 

1 

In  the  operation  of  refrigerating  machines  where  the  gas  is 
rapidly  passing  through  the  condensers,  it  has  been  established 
that  the  temperature  of  the  gas  liquefied  is  from  8  to  12  degrees 
above  that  of  the  water  used  for  condensing.  If  the  condensing 
water  is  60  degrees,  though  during  the  summer  days  of  August 
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or  Scpteiiiber  a  temperature  of  05  to  70  degrees  is  more  eoinmon 
where  city  service  water  is  in  use,  a  prc^ssure  of  at  least  1,000 
pounds  per  scpiare  inch  is  required  for  the  working  conditions. 

With  this  pressure,  compressing  cylinders  and  piping  must 
be  very  strong  to  witlistand  the  prej^sure,  and  the  diameter  of  the 
gas  cylinder  must  he  small  compared  Avith  that  of  the  steam 
cylinder.  As  carlxmic  anhydride  gas  <loes  not  attack  copper  or 
kindred  metals  they  can  be  used  with  safety  for  the  working  parts 
of  the  machine. 

Although  as  dangerous  as  any  of  the  other  gases,  as  it  excludes 
the  presence  of  oxygen,  tlur  gas  is  not  noticed  by  smell  as  is  the 
case  with  ammonia.  In  a  vapor  form,  the  specific  gravity  is 
greater  than  that  of  the  atmosphere,  an<l  the  gas  escaping  in  snuill 
(pmntities  is  not  easily  detected  as  it  immediately  sinks  in  the 
cellars,  sewers,  or  loose  earth.  As  life  cannot  1k^  sustained  without 
the  presence  of  oxygen,  any  gas  tliat  excludes  it  is  dnn^crous.  The 
presence  of  ammonia  is  so  pronounced  that  it  is  easily  detected 
when  but  a  small  amount  is  in  the  jitmos])h(MT,  whih;  the  presence 
of  earl)onic  anhydride  gas  is  difficult  to  detect  even  up  to  the 
moment  of  exliaustion  of  life. 

In  the  use  of  carbcmic  anhvdride  gas  it  is  n(»cessarv  that  the 
most  careful  attention  be  paid  to  the  joints  and  stuffing  boxes.  The 
compressors  are  invariably  of  the  single-acting  type,  as  it  is  almost 
impossible  to  maintain  tight  stuffing  boxes  under  the  intense  pres- 
sure necessary  for  liciuefaction 

Compressors  are  ([uite  extensively  made  for  tli(^  li(iuefaction 
of  carhpnic  acid  anhydride  gn^,  by  industries  supplying  the  same 
in  smflB  carbovs  of  steel  for  recharirin"*  soda  Avnter  or  bec^r^or  anv 
beverop  which  requires  ilm  addition  of  carbonic  acid  gas  for 
enlivenhient.  In  the  better  class  of  tlu^se  compressors,  th(»  cylin- 
der fop  compressing  the  gas  is  conqxninded  as  sIiowti  in  Fig.  40. 
By  this  design  the  first  set  of  cylinders  deliver  the  gas  to  a  re- 
ceiver at  a  pressure  between  400  and  000  ]>ounds  per  s(jnarc  inch. 
Here  the  gas  is  cooled;  from  this  cylinder  the  suction  «>t'  the  final 
pump  is  taken,  which  leavers  the  gas  at  1,000  i>ounds  ]>ressure. 
There  is  an  advantage  in  machines  of  this  build  (compound  cylin- 
ders), as  there  is  a  less  amount  of  engine  friction  than  in  single- 
acting  cylinders. 

Fig.  47  shows  a  single-acting  horizontal  compressing  cylinder 
direct  coimected  to  a  throttling  steam  engine  "D"  valve  jiattern, 
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REFRKiE-RATION 


Pig.  48 
hrect-  connected  vertical  refrigerating  compressor 
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tloiiblc  cylinder  oporaling  on  a  single  shaft.  The  tail  rod  of  the 
steam  cylinder  extends  into  and  forms  the  jiistou  rod  of  the  com- 
pressor. 

Pig.  48  shows  a  \crtical  steam  engine  connected  to  a  single- 


BELT- DRIVEN   REFRIGERATING  COMPRESSOR 
actiiiji  coniin'cs^i.r;  tin-  com  pressor  lipiiiji;  Ixilled  to  the  side  of  the 
steam  cylinder  willi  ii  dindile  center-crank  engine  and  ovor-lifflig 
Hy  wheel. 

J"ij,'.  4!*  shows  a  sint^lo-ncliiig  vertical  compressor,  connectfl 
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to  a  sliaft  and  Mt,  wheels  over  hanging.  This  design  is  for  a  belt- 
driven  plant. 

The  cycle  of  operation  of  the  gas  is  as  follows:  the  gas 
passes  from  the  compressor  into  a  cylinder  in  which  the  oil  from 
the  Inbricator  of  the  cylinder  is  separated  from  the  gas.  From 
this  tank  the  gas  passes  to  the  condensing  coils  where  the  latent 
heat  is  taken  from  it  and  the  gas  as  it  iKicomes  a  licpiid  flows  to  a 
receiving  tank,  being  carried  there  by  gravity. 

From  this  liqnid  tank,  the  gas  is  condncted  throngh  piping  to 
the  freezing  coils,  where  it  is  liln^rated  from  the  condensing  pres- 
sure to  the  vaporizing  pressure,  usually'  00  to  50  jwunds  per  scjuare 
inch.  A  far  greater  ba(?k  pressure  <»an  \)o  carried  than  with 
ammonia  when  accomplishing  the  same  work.  Tin's  is  due  to 
the  much  lower  vaporizing  temperature,  (lH>iling  ]>oint)  of  the 
carbonic  anhydride  gas  in  a  liquefied  f4)rm  when  ]>assing  from  a 
liquid  to  a  vapor  by  tlu*  taking  up  of  latent  heat. 

Carbonic  Anhydride  gas  when  li<juefie(l  to  l)e  used  as  a  re- 
frigerant may  be  ap])li('d  through  a  brine  tank,  eooHug  the  brine 
which  afterwards  may  be  circulated  in  e<H>ling  coils  in  rcfriirerator 
boxes  or  rooms.      This  svstem   is  known   as   tbc   indirrrf.      The 

t 

process  of  sending  the  gas  direct  through  the  ])ipiuu:  susp(>n<led 
in  the  refrigerating  rooms  is  known  as  the  direct  a])]>Hcation  of 
refrigerating  fluid. 

RBPRIQERATION  BY  COMPRESSED  AIR. 

To  obtain  refrigeration  by  compressing  and  ex]>anding  air,  we 
resort  to  the  eifort  of  compression,  and  wliilc  air  is  (•oni]>ressed 
conduct  off  the  heat  which  has  multi]>li('d  in  ])roi>orliou  to  the 
amount  of  compression.  We  can  convert  th(^  licat  held  by  the 
air  into  power;  then  the  air  containing  but  little  heat  is  used  for 
refrigerating  purposes. 

That  this  may  Ix?  nu)re  clearly  understood  let  us  consi<ler  the 
following  :  By  taking  air  at  atmospheric  ])ressure  at  sea  level, 
usually  14.7  pounds  per  square  inch  (this  varies  as  the  pressure 
increases  or  diminishes  as  shown  bv  the  mercurv  column  in  a 
liarometer)  and  compressing  it  to  150  j^ounds  ]K*r  s<|uare  inch, 
ten  volumes  of  air  have  been  comj)ressed  into  the  space  occupied 
by  one  volume  at  atmospheric  ])ressure.  The  heat  which  was 
contained  in  the  ten  volumes  has  been  forceil  into  the  one  volume. 
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Should  the  air  be  liberated  at  this  time  there  would  be  but  a  slight 
reduction  in  temperature,  probably  from  20  to  30  degrees  Fah- 
renheit. 

Expansion  of  Air.  From  the  cooling  coils,  the  air  passes 
to  an  expanding  cylinder  which  is  not  unlike  a  steam  eni^ine  cylin- 
der. The  air  at  the  pressure  of  150  pounds  expands  and  drives  a 
piston  which  is  connected  to  the  drivinf.-:  shaft  of  the  machine  and 
ai<ls  in  the  compression  of  air.  The  amount  of  work  accomplished 
by  this  cylinder  is  in  proportion  to  the  heat  the  air  contains,  and 
this  heat  is  used  up  or  converted  into  power.  The  air  is  delivered 
into  the  cooling  pipes  for  ice-making  or  refrigeration  at  a  tem- 
perature of  from  40  to  05  degrees  below  zero,  the  final  condition 
depending  upon  the  efficiency  of  the  machinery. 

The  machinery  represented  by  the  accom])anying  drawings 
and  descriptions  is  in  use  in  the  United  States  Xavy  and  has  been 
adopted  as  standard. 

First.  Assembled  parts  of  the  machine.  This  can  best  be 
understood  by  reference  to  Fig.  50.  The  machine  is  known  as 
the  Allen  Dense  Air  Ice  ifachine. 

In  Fig.  51  we  have  three  cylinders  with  slide  valves,  not 
imlike  a  steam  engine,  A  in  fact  representing  a  steam  cylinder, 
driving  the  air  compressor  B.  This  cylinder  is  operated  by  a 
single  D  valve  and  controlled  by  a  throttling  governor  or  by  any 
governor  adapted  to  conditions  at  si'a.  Power  from  the  steam 
cylinder  is  conducted  by  connecting  rod  and  disc  crank,  to  which  is 
attached  a  driving  shaft  II  witli  a  criudv  in  the  center  of  the  shaft 
which  drives  the  air  compressor.  On  the  o])])osite  side  of  the 
shaft  is  a  disc  crank  from  which  the  expanding  cylinder  is  at- 
tached which  in  turn  aids  the  steam  cvlinder  in  its  work.  F  is  a 
plunger  piston  pump  for  circulating  sea  water  around  the  coils 
in  the  cooling  tank  C.      G  is  a  ])riming  pump  for  air. 

In  the  location  of  cijlindcr  crfiuls,  the  crank  driving  the  air 
compressor  leads  the  steam  cvlind<n*  about  30  degrees.  This  is 
the  practice  followed  by  the  best  engine  and  air  or  gas  compressor 
builders,  where  they  are  direct  connected.  The  object  of  the  lead 
is  to  apply  the  greatest  pressure  attainable  to  the  piston  of  the  air 
compressor  at  the  time  it  is  completing  its  stroke,  when  the  angle 
of  the  crank  pin  nears  the  position  exerting  the  greatest  effort  on 
the  crank  and  previous  to  the  time  of  the  closing  of  the  cut-ofT  on 
the  steam  cylinders.      By  this  method  a  much  lighter  fly  wheel 
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Ciin  be  iised,  for  the  power  developed  by  the  engine  is  applied 
directly  through  the  shaft  and  not  transmitted  to  the  fly  wheel  to  be 
given  off  when  the  compression  of  the  air  cylinder  is  taking  the 
maximum  power  and  the  steam  crank  is  nearly  completing  its 
stroke. 

Air  Compressor  ••  B.'*  In  considering  the  action  of  this 
specially  designed  air  compressor,  we  find  that  the  suction  is  taken 
through  the  opening  in  the  bottom  of  the  valve  chest,  the  opening 
being  located  in  the  same  way  as  the  exhaust  on  a  slide  valve 
engine.  The  discharge  is  through  the  face  of  the  valve  chest, 
the  location  again  being  similar  to  the  steam  supply  to  a  slide-valve 
engine.  The  valves  are  of  the  slide  desifpa.  It  is  a  question  with 
engineers  whether  or  not  this  design  is  superior  to  the  poppet 
valve  as  used  by  ammonia  and  kindred  gas  conij)ressors.  The 
advantages  of  using  the  slide  valves  are:  first,  they  are  compara- 
tively noiseless ;  second,  they  are  not  constantly  lianiniering  their 
seats  or  faces  in  closing,  and  third,  there  is  no  unbalanced  pres- 
sure of  the  valve  seat  to  be  overcome  by  the  engine,  or  to  cause 
the  rapid  destruction  of  the  metal  forming  a  ])oppi't  valve. 

Note:  For  a  description  of  unbalanced  valve  operation  see 
page  93. 

In  the  operation  of  the  valves  we  find  two  rocker  shafts,  each 
of  which  is  operated  by  an  ec(*(»ntric  from  tlio  main  shaft.  The 
rocker  shaft  nearest  to  the  nuiin  shaft  operates  the  valve  admitting 
steam  to  the  engine  A;  this  is  a  plain  D  valve.  Tlie  shaft  also 
operates  the  rider  valve  on  both  air  compressor  and  expander 
cylinder. 

The  second  rocker  shaft  operates  the  main  valve  of  the  com- 
pressor and  the  expander  cylind(»r.  From  the  crossliead  of  the 
air  compressor  an  arm  extending  horizontally  operates  the  charg- 
ing air  pump  and  also  the  water  circulating  pump.  Water  from 
the  water  cooler  is  continuously  flowiui^:  around  the  iacket  of  the 
air  compressing  cylinder.  The  action  of  the  expanding  chamber 
is  the  same  as  though  steam  were  used  to  move  the  y:)iston,  the 
energy  given  by  this  expansion  of  air  aids  in  driving  tlie  air  com- 
pressor, thereby  adding  to  the  economy  of  the  operation.  This 
is  not,  however,  the  primary  cause  for  this  construction.  By  using 
the  air,  which  is  at  high  pressure,  to  obtain  power,  the  heat  that 
it  contains  is  consumed  or  converted  into  power  and  at  60  pounds 
per  square  inch,  which  is  the  back  pressure  carried,  there  is  ob- 
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tained  a  temperature  of  from  70  to  90  degrees  below  zero.  This 
can  be  obtained  witli  a  working  initial  pressure  of  2(iO  ponmis  per 
Square  inch.  In  no  inslanee  is  the  latent  beat  of  the  air  affected 
Except  to  a  slight  degree,  e<|naling  in  ratio  the  ability  of  the  air  to 
Carry  latent  hoat  due  to  tlic  different  siwcific  temperatures  during 
'■he  compression  and  expansion. 

Relict  of  Valves.  Should  the  pressure  in  the  expanding 
"^jUnder  become  greater  than  the  pressure  in  the  discharge  cliani- 
t>€r,  due  to  the  distortion  of  rods  or  slipping  of  eccentries,  the 
■^"alves  would  spring  back  from  their  seats  and  relievo  tlic  pressure. 
Upon  the  receding  of  the  piston  tlie  valve  would  close. 

Unbalanced  Valve  Presiure.  In  eonsiilering  this  question, 
let  us  take  a  poppet  valve  for  our  illustration ;  tliis  is  shown  in 
i-ig.  53. 

The  design  calls  for  i 
6-inch  compressing  cyliiid<i 
with  a  valve  seat  of  jj  iudi 
face  giving  a  bearing  surfatc 
on  top  of  the  vaive  f>J  inebr■^ 
in  diameter.  The  area  of  the 
cylinder  equals  28.274  square 
inches,  while  the  area  of  the 
top  of  the  valves  including 
the  seat  is  33.183  square 
inches.  Let  us  consider  i 
working  pressure  of  1  0 
pounds  per  square  inch.  T  » 
open  this  valve  there  tiiusI  Ik 
exerted  a  pressure  of  l->0  < 
33.183  =  4!»77.45  pound 
The  power  exerted  on  tin 
under  side  of  the  valve,  when 
the  pressures  are  equal  t<i  that 
of  the  discharge  chamber,  is 

28.274  X  ir»0  =  4-24J.l  ]»onuds,  or  in  order  \--  open  tie  valvo  there 
must  be  added  4977.45 — 4241.1  =  r>:J(i.;i."i  p<muds.  In  other  word^, 
to  force  the  valve  from  its  seat  tliere  must  be  oxertetl  28. .■)3  pounds 
per  square  inch  in  excess,  or  a  total  pressure  above  the  valve  of 
150+28.53=178.53  pounds  per  square  inch  on  the  entire  compress- 
ing plBtou.      This  power  is  overcome  by  placing  springs  or  com- 
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Refrigerator  Box.  The  air  from  the  ice-making  tank  passes 
into  the  refrigerator  box  coils,  entering  at  a  temperature  of  zero. 
These  coils  are  made  with  a  manifoKi  at  each  end  with  divisions 
in  the  manifolds  to  direct  the  flow  of  air,  causing  a  circulation 
back  and  forth  of  three  times  the  length  of  the  box.  By  this 
method  of  distributing  the  circulation,  a  small  pipe  system  can 
be  used  for  the  piping,  while  the  headers  are  of  an  area  equaling 
the  discharge  from  the  expanding  cylinder.  The  required  area  for 
the  circulating  pipes  is  made  up  of  several  of  the  smaller  pipes. 
This  is  not  a  vital  or  even  a  necessary  point.  A  large  pipe  could 
be  erected,  giving  the  entire  area  of  the  exhaust  cylinder  opening. 
This  would  increase  the  friction  of  the  passage  of  air  over  the 
design  as  illustrated  in  the  plan. 

Water  ••  Butt "  or  Cooler.  From  the  refrigerator  box,  the 
air  passes  through  a  coil  of  pipe  in  a  tank  fille<l  with  water.  The 
object  being  the  cooling  of  the  water  for  the  use  of  tlie  men.  This 
is  the  last  operation  of  the  air  and  it  is  desired  to  have  the  air  at  as 
high  a  temperature  as  is  consistent  with  the  work. 

The  application  of  compressed  air  was  first  made  successful  in 
ocean  steamships  carrying  meat  to  Europe.  The  engines  were  so 
large  that  no  auxiliary  l)oiler  could  furnish  suificient  steam ;  so 
that  to  cool  the  refrigerator  box  it  recjuired  the  starting  of  one 
of  the  ship's  main  boilers.  The  air  was  exliansted  from  the  box 
at  atmospheric  pressure,  and  from  tlie  expanding  cylinder 
it  was  discharged  directly  into  the  refrigerates-  l)ox.  The  result 
was  that  the  oil  used  for  lubrication  became  very  strong  in  the 
air  and  left  a  taste  in  the  meat.  The  moisture  in  the  atmosphere 
was  turned  to  snow  as  it  came  in  contact  witli  the  cool  air;  this 
snow  in  turn  becoming  melted  when  striking  tlu*  si<les  or  floor  of 
the  refrigerator  or  coming  in  contact  witli  tlie  mercliandise  in  ship- 
ment. This  has  been  remedied  by  enclosing  the  air  in  piping  and 
having  a  continuous  cycle  of  the  cooling  fluid  in  operation. 

In  no  instance  does  the  liquefaction  of  air  enter  into  the 
problem  of  refrigerating  with  air. 

In  the  work  of  construction,  iron  pipe  may  be  used,  with  any 
of  the  pipe  cements  for  joints  common  to  first  class  piping. 

The  following  instructions  for  starting  and  operating  the 

Allen  Dense  Air  Ice  Machines  are  used  by  the  United  States  Navy. 

On  starting  the  machine,  have  the  blow  valves  of  the  expander 
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and  the  pet-cocks  of  the  various  traps  open  until  no  more  grease 
or  water  discharges. 

The  two  l^-inch  or  2-inch  valves  of  the  main  pipes  mufit  be 
open  and  the  1-inch  by-pass  pipe  closed ;  also  the  ^-inch  hot-iir 
valves  from  the  compressor  to  the  expander  cylinder  must  be 
closed. 

Be  sure  that  the  circulating  water  is  in  motion. 

The  full  pressure  is  60  to  65  lbs.  low  pressure,  and  210  to 
225  lbs.  high  pressure. 

During  the  running,  open  the  pet-cocks  of  the  water-trap 
which  takes  the  water  out  of  the  air  from  the  primer  pump,  fre- 
quently enough  tbat  it  will  never  be  more  than  half  filled.  If  the 
water  should  be  allowed  to  enter  the  main  pipes,  it  is  liable  to 
freeze  and  clog  at  tbe  valves. 

By  keeping  all  stuffing  boxes  well  lubricated  by  the  lubricator 
cups,  the  pressures  are  easily  maintained  with  but  little  screwing 
up  of  the  packing. 

If  the  low-air  pressure  is  not  maintained,  the  fault  is  almost 
always  due  to  leaks  at  the  stuffing  boxes.  Under  all  circumstances 
it  is  due  to  some  leak  into  the  atmosj)here,  as  we  have  never  yet 
found  the  primer  pump  valves  at  fault. 

The  packing  of  valve  stems  and  piston  rods  consists  of  a  few 
inner  rings  of  Katzensteiirs  soft  metal  paekinir,  then  a  hollow 
greasing  rin^,  tlien  soft  lihrous  packing  (Garlock  packing). 

Th(»  sight  feed  lubricators  of  the  compressor  and  expander 
shouhl  only  use  a  liii'ht  pure  mineral  machine  oil,  from  which  the 
parartine  has  heen  removed  l)v  fre(*zing  —nsually  three  drops  per 
minute*  in  the  eom])n\^sor  and  one  or  two  in  the  expander. 

The  ])islons  of  the  e<)ni])ressor  and  expander  eylinders  are 
paeke<l  ^vith  eu])  leathers,  whieh  eonunoidy  last  alxmt  one  or  two 
months  of  steady  work.  When  these  leathers  give  ont,  the  high 
pressure  d(H*reases  in  relation  to  the  low  pressure,  and  the  ap- 
paratus sh(>ws  a  loss  of  <Mdd.  A  leak  at  any  other  point  of  high 
pressure  into  low  ])ressure  will  have  the  same  effect. 

Tliese  j)acking  leathers  are  ma<lc  of  thick  kip  leather,  or  of 
white  oak-tanned  leather  of  somewhat  less  than  ^-inch  thickness. 
They  are  out  §  inch  larger  in  diameter  than  the  cylinders.  The 
leathers  must  l>e  key)t  soaked  with  castor  oil  and  must  be  well 
soaked  in  that  before  using :  and  a  tin  box  containing  spare  leathers 
and  castor  oil  must  be  kept  on  hand. 
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Once,  or  sometimes  twice,  a  ilay,  it  is  necessary  to  clean  the 
ichine  by  heating  it  up  and  blowing  out  all  the  oil  and  ice 
posits.      This  is  done  as  follows: 

The  1-inch  valve  of  the  by-pass  is  opened.  Then  the  two  1^ 
2-inch  valves  in  the  main  pipes  are  close<l ;  then  the  two  i-inch 
Ives  in  the  hot  air  pipe  from  the  compressor  chest  to  the  expander 
3  opened,  and  the  l]-inch  valve  of  expander  inlet  is  closed 
rtly;  then  the  live  steam  is  let  into  the  jacket  of  the  oil-trap 
wly,  keeping  the  outlet  from  the  steam  jacket  open  enough  to 
ain  the  condensed  steam. 

Run  in  this  manner  for  about  one-half  hour,  during  this  time 
^quently  blow  out  the  bottom  valve  of  the  oil-trap,  also  the  blow- 
from  the  expander,  until  everything  appears  clean.  Then 
lit  off  the  steam  and  drain  connections  of  tlie  jacket  of  the  trap 
d  the  hot  air  pipe  from  the  compressor  to  tlie  expander.  Then 
en  the  two  li-inch  valves  in  main  pipes.  Then  close  the  1-inch 
-pass  pipe  and  all  pet-cocks  and  run  as  usual. 

Whenever  opportunity  offers  to  blow  out  the  manifolds  of 
5  meat-room  and  the  ice-making  box  (that  is,  whenever  they 
3  thawed),  this  should  hv  done. 

If  it  is  suspected  that  a  considerable  quantity  of  oil  and  water 
ve  got  into  the  pipe  system  and  are  clogging  the  areas  and  coat- 
r  the  surfaces,  the  pipes  can  be  cleaned  by  running  hot  air 
rough  them  as  is  done  during  the  daily  cleaning  of  the  machine, 
le  oil  and  water  are  then  drawn  off  at  the  l)ottom  of  the  ice- 
iking  box  and  the  manifolds  of  refrigerating  coils. 

The  clearance  of  the  two  air  pistons  and  of  tlie  })rimer  plunger 
only  ^  inch ;  therefore  not  much  change  of  piston  rods  and  con- 
cting  rods  is  permissible,  and  when  the  juston  nuts  are  un- 
•ew^ed  to  change  the  piston  leathers,  the  rod  should  be  watched 
it  it  does  not  unscrew  from  the  crossliead. 

Whenever  it  is  noticed  that  the  brine  freezes,  more  chloride 
calcium  should  be  added  and  should  be  wx'U  stirred  into  the 
ine. 

ABSORPTION  SYSTEM. 

By  the  rapid  vaporization  of  water  in  the  desert  of  Arabia, 
e  to  the  intensely  dry  atmosphere,  the  first  ice,  other  than  that 
rmed  by  the  natural  process  of  winter  freezing,  w^as  made.  For 
:)ling  large  quantiti(»s  of  water,  this  process  is  in  use  to-day  on 
more  clearly  defined  and  greatly  enlarged  plan  known  as  the 
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Water  Cooling  Tower.  This  methoil  is  being  extensively  used 
for  cooling  for  condensing  ammonia  gas  or  for  condensing  the  ex- 
haust steam  from  an  engine. 

Carry's  First  Ice  Plant.  From  the  use  of  this  system  of 
vaporization,  Carre,  a  French  scientist,  constructed  the  first  device 
for  cooling  by  mechanical  means  and  producing  ice,  and  all  devices 
for  absorption  refrigeration  owe  their  results  to  the  work  so  ably 
accomplished  by  him. 

A  definition  of  the  terms  used  in  the  two  systems  in  con- 
nection  with  refrigerating  machinery  is  as  follows : 

A|>5orption  Refrisreration,  In  the  absorption,  as  in  the  com- 
pression system,  it  is  necessary  to  maintain  pressure  upon  the 

anmionia  (ras  when  freed  from 
water  in  order  that  it  mav 
become  li(]uefied,  aud  during 
its  period  of  liquefaction 
give  up  the  latent  heat. 

The  Carre  original  ma- 
cliine  consisted  of  two  strong 
iron  jars  connected  together 
witli  nil  iron  pipe  as  shown  in 
Fiir.   r)4.      In  the  lar  A,  "r 
aiiinionia  still,  was  placcil  a 
quantity  of  liiiililN-  cIiiu'-cmI  aqua  ammonia.     A  s])irit  lamp  E  wa> 
]>]ac('(I  under  the  jar.     An  air  cock  was  jdacctl  at  I,  and  when  tlu- 
jar  became  lieate<K  the  air  cc.ck  was  opciK^l  until  the  air  was  ex- 
hausted.    The  pressure  increased  in  l)ot]i  jars  and  connection  A,  B, 
(\     Jar  ('  was  jdacecl  in  a  tank  and  snrronn<hMl  by  cold  water  1). 
1  he  sn]q)ly  of  this  water  was  constantly  clianirin*:;  so  that  at  all 
times  the  water  remained  cold  or  at  its  ()rio:inaI  tenq^eratnn^  wliicli 
we  may  a-sume  at    (U)  (h',i;re<'s    Fahr.      The  heat  from  the  lamp 
caused  the  amm«»nia  to  va]>ori/.e  and  a  pressure  was  obtained  suffi- 
cient to  lifjuefy  tlie  i^as  in  the  jar  (  \     This  ju-essure  was  about  1-0 
])ounds  ]M'r  s<|uare  inch.     The  intense  pressure  nuide  by  the  am- 
monia lias  was  sullicient  to  rais(»  the  boilinix  pressure  of  the  water 
to  '2o{)  deiii'ci^s  Fahr.,  t bendy  ])reventin^  the  va]>orizatiaii  of  the 
water.     This  temperature  was  anq')le  to  drive  out  a  larire  amount 
of  iras. 

After  the  ])roc(^«^s  was  complete,  which  was  determined  by 
the  lei'iith  of  time  that  the  heat  was  exposed  to  jar  A,  the  lamp 
was  removed.     The  water  was  drawn  off  from  around  jar  C  and 
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the  tank  filled  with  whatever  substance  it  was  desired  to  freeze. 
A  water  pipe  allowed  water  to  flow  over  the  jar  A  and  cool  its 
contents,  the  result  being  that  the  pressure  was  removed  from 
both  jars  A  and  C,  and  the  liquid  anhydrous  gas  began  to  vaporize 
in  jar  C,  the  gas  returned  to  jar  A,  and  was  taken  up  in  the  water 
from  which  it  had  been  expelled.  By  the  passage  of  the  anhydrous 
ammonia  from  a  liquid  into  a  gas,  the  heat  which  was  taken  up 
and  caused  the  vaporization,  being  held  latent  by  the  gas,  was 
taken  from  the  surrounding  liquid  in  tank  D. 

This  produced  a  low  temperature,  the  boiling  point  of  liquid 
anhydrous  ammonia  .being  at  atmospheric  pressure  47  degrees  be- 
low zero  Fahr.  The  ratio  of  the  temperature  and  pressure  deter- 
mines the  temperature  at  which  the  gas  boils  in  passing  from  a 
liquid  to  a  gaseous  condition. 

Reabsorbing^.  As  the  expanded  gases  return  to  the  jar  A  and 
come  in  contact  with  the  water,  they  are  absorbed  by  tlie  water  and 
in  this  process  of  absorption,  the  heat,  which  is  taken  up  latent  by 
vaporization  in  the  freezing  jar  (\  is  given  off.  The  heat  thus 
given  off  in  the  jar  iV  is  carried  away  by  the  water  flowing  from 
connection  H. 

It  was  by  this  simple  device  that  Carre  establislied  the  princi- 
ples of  refrigeration.  We  should  remcunber  that  it  was  in  1858  when 
this  work  was  done  and  that  tlie  mctliods  of  working  iron  were  then 
very  crude.   Carre's  success  was  due  t<>  bis  patience  and  endurance. 

In  Fig.  55  is  shown  a  double  plant  absor])tion  machine,  in- 
cluding an  ice  making  tank,  each  machine  having  a  ca]>acity  of 
12^  tons,  or  a  25-ton  ice-making  output  for  cn-ery  twenty-four 
hours  of  constant  operation.  The  plants  are  connected  together  so 
that  they  can  be  interchangeable  in  their  working  parts. 

The  following  is  a  brief  descri])tion :  An  ammonia  still  A  is 
built  of  iron  pipe  12  inches  in  diameter  with  heavy  flanged  heads, 
which  are  of  wrought  iron,  screwed  on  to  the  pipe  and  soldered 
where  the  pipe  and  metal  of  the  head  joins.  The  object  of  a 
flanged  head  is  to  admit  of  coils  in  the  interior.  A  strong  solution 
of  aqua  ammonia  is  placed  in  the  still  and  heated  by  a  steam  spiral 
coil  placed  in  the  interior  of  the  still.  In  operation,  the  aqua  am- 
monia still  is  kept  about  one-third  filled  with  aqua  ammonia.  In 
naming  the  parts  of  the  apparatus,  each  designer  or  buihler  selects 
names  to  suit  his  fancy.  While  the  part  used  for  applying  heat 
to  the  aqua  ammonia  is  necessary  to  all  designs  of  absorption 
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ichinery,  we  find  it  bearing  the  following  names:  "ammonia 
iler,"  "ammonia  still,"  "ammonia  pressure  generator." 

The  steam  connection  is  not  shown  in  the  drawing.  The  am- 
3nia  gas  is  driven  off  by  heat  and  passes  np  through  the  connec- 
>n  T  into  the  dehydrating  coil  B.  As  the  anunonia  gas  passes 
3m  the  still,  it  carries  with  it  a  small  quantity  of  water  in  a  foam- 
g  condition  which  is  separated  from  the  gas  in  the  dehydrating 
il.  This  coil  is  enclosed  in  a  tank  and  filled  with  water  which  is 
lintained  at  a  temperature  of  approximately  150  degrees  Fahr. 
this  temperature  the  water  condenses,  but  allows  the  ammonia 
remain  a  gas.  The  pressure  in  the  s'.  ill  corres])onds  to  the  tem- 
rature  being  maintained  in  the  condenser  for  licpiefaction.  Here 
?  same  ratio  is  obtained  as  in  the  compression  machines,  usually 
)m  110  to  180  pounds  per  square  inch.  It  is  usually  considered 
?e8sary  to  maintain  150  pounds  per  stpiare  incli  for  li(]uef action, 
lis  requires  condensing  water  at  ap])roxiniately  00  degrees. 

From  the  dehydrating  coil  the  gas  and  water  ])nss  to  a  sepa- 
:e  tank  C,  which  is  a  plain  cylinder.  The  action  is  to  separate 
;  gas  from  the  water,  the  gas  passing  from  the  top  of  the  sepa- 
ing  tank  C  to  the  condenser  coil  1),  wliile  tlie  w:iter  which  has 
?n  separated  from  the  gas  by  the  action  of  the  dc^liydrating  coil 
>ps  by  gravity  through  pi])e  L  and  valves  10  back  to  the  still. 

The  law  of  gravity  holds  good  in  all  cases  and   under  all 

ciimstances  where  pressures  are  the  same.      Tln^refore,  in  all 

rts  of  the  ammonia  generating  ]dant  this  law  of  falling  of  liquids 

gravity  is  made  use  of  and  c:in>  must  be  taken  in  designing 

ints  that  liquids  will  come  to  their  ])r(»per  ])laees  by  gravity. 

The  ammonia  gas  is  now  se])arated  from  water  and  passes 
the  condenser  for  liquefying. 

Ammonia  Condensers.  The  condenser  coils  D  may  be  cu- 
rsed in  a  tank  and  surrounded  with  water,  or  thev  mav  be  left 
en  to  the  atmosphere  and  the  water  allowed  to  drip  over  them, 
the  ammonia  condenser,  the  heat  held  latent  by  the  ammonia 
3  is  given  off  and  a  licpiefaetion  takes  place,  the  licpiid  anmionia 
ving  the  appearance  of  clear  wnt(a\  The  ammonia  drops  into 
iquid  storage  tank  E,  through  connection  P. 

Freezing  or  Ice  Malcinsr  Tanlc.  The  ammonia  is  now 
uefied  and  ready  for  use  under  a  pressure  normally  of  150 
nnds  per  square  inch. 

Note:     Do  not  confuse  liquid  ammonia  with  anhydrous  ammonia. 
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From  the  liquid  tank  E,  the  liquid  nmntonui  Amm  tliMo^ 
the  conueoting  pipe  Q,  being  held  is  check  b;  the  main  liquid 
valve  5.    The  ohject  of  this  main  liqaid 
valve  is  to  simplifj  the  working  of  the         i  i 

plant  The  nine  valves  13,  are  the  ex-  f*  ~?AsTem  ' 
pending  valves,  each  connected  to  the 
coil  of  pipe  in  the  freezing  tank.  Each 
coil  has  a  separate  retom  with  a  stop 
valve,  entering  connection  13.  The 
tank  is  shown  with  insulation  but  the 
coils  are  not  shown.  This  freezing  tank 
is  designed  to  hold  240  cans  or  ice 
moulds,  each  having  the  capacity  of  200 
pounds  of  ice,  when  the  freezing  is  com- 
plete. The  tank  is  eight  cans  wide  end 
thirty  cans  long,  or  a  tank  9  feet  wide 
by  60  feet  long  and  36  inches  deep,  in- 
side measure.  These  tanks  may  be 
buiit  either  of  iron  or  wood  as  the  de- 
signer wishes.  The  coils  run  the  entire 
length  of  the  tank,  between  the  cans  and 
outaido  of  tlicui. 

Preezlne.  In  operating,  the  main 
li(inid  valve  5  i.-s  (iiiciied  and  the  gas 
lliiws  to  tlie  nine  cspimiliiip  valves  12, 
which  nri'  opciit'd  to  pcniiit  a  flow  of 
pas  tliriiufih  nii  oppiiing  varying  from 
tJt  to  J  of  a  square  inch. 

Low  Pressure  Side  of  tbe  Ap- 
paratus. At  t)ii!4  ]wiiit  the  gas  is  al- 
Itiwcil  to  pass  from  the  pressure  under 
wliidi  it  is  coiidc'iiscil  to  the  vaporizing 
pressure,  usually  from  150  to  15 
pounds  per  square  inch. 

Note:     In   a1I    cases   where    preBBurea 
I  point  is  the  at- 


Tlie  liquefied  ammonia  entering 
tlio  fref'zing  coils  under  pressure  of  15 
ponmls  per  sqnnre  im-h  imniefliately  beg 
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;ake8  the  specific  heat  from  the  water.  The  heat  passes 
1  the  iron  pipes,  is  taken  up  and  returned  to  the  absorber  6 
1  connection  S.  The  l>oiling  point  of  liquid  ammonia  at  15 
pressure  approximates  26  degrees  below  zero  Fahr.  The 
of  the  ammonia  in  boiling  is  identical  to  water  boiling  at 
jrees  in  the  atmosphere,  with  which  every  one  is  familiar. 

^sorber.  The  vaporized  gas  flow^s  into  the  top  of  the  ab- 
where  it  meets  the  water  from  which  the  gas  has  been 

rcuit  of  Weak  Water.  Returning  now  to  the  anunonia 
uring  the  period  of  distillation,  the  water,  freed  from  the 
leat  and  called  by  different  names  such  as  "mother  liquid," 
water,"  etc.,  is  allowed  to  flow  from  the  bottom  of  the  still 
I  connection,  ]M,  and  passing  through  'iieat  exchanger"  or 
zer"  J,  flows  on  to  weak  wat(»r  cooler  V,  entering  the  cooling 
:he  bott(mi.     It  is  ])referal)le  to  have  this  coil  enclosed  in  a 

as  to  get  the  advantage  of  "Bau<llott"  syst(Mn  of  cooling  or 
iging  of  the  hot  water  to  the  hot  gas  and  cold  water  to  the 
s.  From  this  cooler,  the  weak  liquid  returns  to  the  ab- 
j,  through  valve  J).     Tlie  water  is  carried  to  the  top  where 

down  over  a  spiral  coil  ()f  water  ]U])es.  Tlu^  water  an<l 
3  intermingle  and  the  water  absorbing  the  gas  is  allowed  to 
o  reservoir  IF.  A  strong  sohition  of  acjua  auiuiouia  is  taken 
)ump  through  connection  S  and  n^turncMl  to  tlie  still  tlirougli 
ion  7,  there  to  be  re-distilled  and  the  cycle  of  operation 
3  be  performed. 

essure  Qa^^es.  There  are  two  pressure  gages:  one  being  a 
?ssure  and  the  other  a  low-])ressure  instrument.  The  high- 
3  gage  reads  from  zero  to  300  pounds  or  more,  the  low- 
3  being  a  combination  gage  reading  from  30  inches  vacuum 
pounds  pressure  per  scpiare  inch,  the  zero  ])oint  being  at 
lere  and  not  absolute.  These  gages  are  connected  as  fol- 
he  high  ])ressur(^  gage  to  the  lu^ad  of  tlu^  annnonia  still  A, 
pressure  gage  to  the  head  of  the  abs(U'bing  tank  (i.  Sto]> 
tiust  be  placed  in  the  gage  lines  betW(M'n  absorber  and  still- 
ads  to  permit  the  removal  of  the  gag(\s  for  cleaning  or 
In  locating  gages,  a  position  about  12  inches  higher  than 
;  should  be  chosen.  At  this  point  they  are  easily  seen  and 
le  for  cleaning. 
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A  steam  gage  ia  required  on  the  steam  line  entering  the  still, 
also  a  reducing  valve  on  the  steam  line  to  control  the  pressure  of 
steam.  The  steam  gage  is  connected  between  the  reducing  valve 
and  the  ammonia  still  steam  coil. 

A  steam  trap  is  placed  on  the  discharge  of  the  steam  coil 
coming  from  the  still,  and  so  connected  as  to  keep  the  still  coils 
free  from  water  at  all  times. 

OlaM  OagM.  It  is  common  with  many  builders  of  refrig- 
erating and  ice-making  plants  to  place  on  their  systems  glass  gages, 
in  order  to  determine  the  amoimt  of  liquid  in  the  different  parts  by 
actual  observation.  Many  accidents  of  a  severe  nature  have  been 
the  result  of  breaking  these  glass  tubes. 

Automatic  Qage  Cocks.  There  have  been  many  devices  to 
close  the  gage  cocks  automatically  in  case  of  breaking  the  glass; 
one  device  being  the  placing  of  long  lever  handles  on  the  ping 
cocks  and  closing  them  by  a  rope  over  a  pulley  at  a  safe  distance. 
These  glasses  are  often  made  36  inches  in  length,  and  from  that 
(lo^\^l  to  a  few  inches. 

Enclosed  Glass  Qages.  It  is  often  the  practice  to  enclose 
these  glass  tubes  within  a  pipe  split  for  a  quarter  of  an  inch  on 
(►])|)()8ite  sides  and  tlie  sj)ace  between  the  ^lass  and  the  tulx?  filW 
with  ])laster  of  paris;  or,  to  make  tlu»  tubes  quite  thin  and  drill 
holes  throuiih  them,  tlie  drill  passing:  straiijht  from  si<le  to  side  antl 
at  ri^ht  angles  to  tlu*  ]>ii>e,  the  ohjeet  being  that  when  the  i^lass 
bursts  the  pipe  covering  keeps  the  glass  from  flying  and  injuring 
the  attendant. 

Glass  Gages  in  Operation.  It  is  a  fact  that  most  gages 
after  they  have  been  in  use  about  six  months  become  filled  with  a 
dirty  substance,  and  become  inoperative,  their  reading  being  mis- 
leading to  the  attendant.  To  the  successful  operation  of  any  re- 
frigerating ])lant,  either  compression  or  absorption,  the  presence 
of  glass  gages  is  an  unnecessary  adjunct,  and  the  attendant  soon 
becouK^s  so  familiar  with  his  plant  that  he  can  operate  it  without 
reference  to  glass  gages. 

In  installing  and  first  charging  a  plant,  these  gages  are  a 
conv(»ni(»ncc  but  not  a  nec(^ssity.  In  order  to  charge  a  plant  with- 
out gages,  the  engin(»er  must  know  positively  the  amount  of  liquid 
necessary  to  fill  the  different  parts  of  his  apparatus.  Often  ther- 
mometers are  inserted  to  determine  the  temperatures  of  the  liquids 
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at  the  different  parts.  This  may  be  very  important  to  determine 
the  positive  condition  where  a  test  is  made  for  laboratory  purposes. 
In  the  parts  of  the  apparatus  shown  in  Fig.  55,  glass  gages 
could  be  located  on  anmionia  still  A  about  tlO  inches  from  the  bot- 
tom of  the  tank ;  a  glass  about  24  inches  long  should  be  used.  The 
water  collecting  at  this  point  should  fill  the  tank  to  a  height  of 
about  45  inches  from  the  bottom,  which  would  bring  it  to  the 
center  of  the  glass.  A  thermometer  could  also  Im»  inserted  in  the 
still  6  inches  from  the  bottom,  this  to  be  an  angle  thermome- 
ter and  a  "thimble^'  inserted  to  come  in  contact  with  the  liquid. 
In  this  thimble  the  bulb  of  the  thermometer  should  be  placed. 
This  thermometer  should  read  from  80  to  300  degrees  Fahrenheit. 

Absorbing  Tank  Glass  Qages  and  Thermometer.  Glass 
gages  and  thermometer  may  be  placed  on  this  tank  in  the  same 
way  as  those  described  for  the  distilling  tank  A.  On  liquid  re- 
ceiving tank  E  glass  gages  may  be  places],  the  connection  being 
made  in  the  head  or  from  the  upper  and  low(^r  sides  of  the  tank. 
This  glass  is  to  indicate  the  quantity  of  liquefied  ammonia  in  the 
tank. 

Operating:  Without  Glass  Qag^es.  Tlie  objt^ct  of  a  refrig- 
erating or  ice-making  plant  is  to  do  the  work  for  which  it  is 
designed,  and  when  an  absorption  plant  is  o])erating  and  the 
output  is  not  equal  to  the  amount  tliat  it  lias  tnrne<l  out  whon 
operating  at  its  best,  either  it  is  short  in  some  nMiuircinents  neces- 
sary to  make  it  work  succc^ssfully,  or  there  is  ])resent  a  condition 
that  is  foreign  to  the  best  working  condition.     Xo  glass  gages  can 

determine  these  conditions  for  the  attendant.     Onlv  familiarity 

••  • 

with  his  plant  will  instruct  him  what  to  do.  Passing  liis  hand  on 
the  weak  water  pipe  as  it  leaves  tlie  still  and  also  on  the  return  for 
the  water  entering  the  absorber,  will  tell  him  the  conditions  neces- 
sary for  successful  opei*ation. 

Qas  Foreign  to  Ammonia.  One  of  th(»  most  serious  ob- 
stacles to  the  successful  operation  of  absor])ti()n  ice-making  ma- 
chinery is  the  generating  with  tlie  annnonia  still  of  a  super- 
abundance of  free  hydrogen  gas,  annnonia  gas  being  composed  of 
three  parts  nitrogen  gas. 

There  is  present  in  the  still,  water  which  forms  the  method  of 
transit  of  the  ammonia  for  part  of  its  journey.  This  water  is 
formed  of  two  parts  of  hydrogen  to  one  part  of  oxygen.    The  iron 
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niing  the  heating  roils  has  a  large  onpacitj  for  taking 

(1  holding  it  in  tht^  shu])i>  of  ii\>n  schIi's  or  nist.    The 

he  aiiinionia  twuis  tii  frei-  this  rust  or  oxyge.n  scale  from 

on  which  it  hae  fonni-d  antl  aa  a  rtsult  a  large  deposit  of 

IS  in  Iho  Hiinnonia  still.     The  worsr  foaMirt-  is  that  ih^ 

of  the  oxygen  and  in>n  Ims  lil)ernl*»d  a  large  amaiintof 

)gen  gas  which  finally  rises  li>  the  highest  jwiint  in  ihe 

iiially  in  the  condensei-s,  and  remains  there  wlierc  llw 

lire  not  right   for  it  lo  Hqnefy,  because  there  is  nat 

.in        .iitrogcii  gus  to  (H>nibinv  with  it  and  form  new  ainmonia. 

It  is  necessary  to  get  this  hydn^en  jjas  onl  of  [he  system.    Tliisis 

litmv  by  liaving  a  valve  at  a  eonvenient  placo  and  ixw»sioiiiilly 

blowing  it  off.     In  a  refrigerating  plant  in  operation  in  IflW, 

which  was  bnilt  to  do  refrigeration  i-^puil  to  the  melting  of  13 

tone  of  ice  for  every  twenty-four  lionrs  of  operation,  tlir  actual  re- 

suit  upon  a  earefnl  observation,  where  the  conditions  permittw 

a  knowledge  of  rlie  facts,  was  fi.fl  (ona.     Part  of  the  defect  \>p>'i>- 

tibly  luigbl  have  been  due  to  u  deprue.iatud  charge  of  aTiiiiiniiia  gus. 
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The  heat  engine  is  at  present  the  most  important  of  all  the 
available  generators  of  power.     Its  purpose  is  to  convert  the  heat 
of  combustion  of  some  fuel   into  work.     Existing  heat  engines 
may  be  divided  into  two  classes,  according  to  where  the  combus- 
tion of  the  fuel  takes  place.     In  one  class  the  combustion  takes 
place  entirely  outside  the  w^orking  cylinder,  and  the  heat  of  com- 
bustion is  transmitted  by  conduction  through  the  walls  of  a  con- 
taining vessel  to  the  substance  which  does  the  work.     Such  en- 
gines   may   be   called    external   conihustion    tnotam.     The   most 
common  example  of  this  class  is  the  steam  engine;  another  exam- 
ple, which  is  but  little  used,  is  the  hot-air  engine.     If  the  com- 
bustion takes  place  inside  the  engine  itself,  or  in  the  conununicat- 
ing  vessel,  so  tliat  the  products  of  combustion  act  directly  on  the 
engine,  we   have   an    engine  of    the  second  class — the   so-called 
internal  comhuMtion  ni(4ors,     (las  and  oil  encrjues  are  the  com- 
mon  examples  of  this  type  of  motor. 

THE    EXTERNAL  COMBUSTION   MOTOR. 

Engines  of  the  second  class  have  certain  inherent  advantages 
over  external  combustion  motors.  In  the  steam  engine,  practically 
the  most  perfect  of  the  external  combustion  motors,  the  heat  of 
combustion  which  is  generated  in  the  furnace  passes  through  the 
plates  of  the  boiler  to  the  water  on  the  other  side.  During  this 
process  about  twenty-five  per  cent  of  the  heat  is  wasted  by  radi- 
ation and  by  loss  up  the  chimney  in  good  modern  plants.  The 
water  in  the  boiler  is  heated  to  a  temperature  which  does  not 
exceed  400"^  F.  because  at  that  tem[)erature  it  has  a  pressure  of 
nearly  250  lb.  per  square  inch.  If  the  water  were  heated  to  a 
much  higher  temperature,  the  pressure  would  be  too  great  (for 
example,  at  50(r  F.  the  pressure  would  be  700  lb.),  reipiiring 
boilers  and  engines  stronger  than  are  at  present  practicable.  The 
products  of  combustion  in  the  furnace  have  a  temperature  which 
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is  seldom  less  than  2,000°  V.     There  is  consequently  a  very  large 
necessary  drop  of  temperature  as   the  heat  passes  through  the 
boiler  plates.     The  proportion  of  the  total  heat  going  to  an  engine 
that  can  be  converted  by  the  engine  into  work  depends  chiefly 
upon   the  temperature  range  of  the  working  substance,  and  in  the 
steam  engine  this  range  is  made  comparatively  small — not  exceed- 
ing 300"^  F. — l)ecause  of  the  corresponding  pressure  limits.    Con- 
sequently a  steam   plant  not  only  loses  much  of  its  heat  up  the 
chimney,  but  also  is  able  to  convert  but  a  small  part  of  the  heat 
that  goes   to  the  engine  into  work.     In  the  l>est  modern  steam 
engines  about  twenty  ])er  cent,  of  the  heat  going  to  the  engine  is 
converted  into  work,  and  about  sixteen  per  cent,  of  the  heat  of 
combustion  of  the  fuel  is  converted  into  work  in  the  best  modern 
steam  plants.     The  ordinary  steam  engine  does  not  convert  into 
work  more  than  from  six  to  ten  per  cent,  of  the  heat  of  combus- 
tion of  the  fuel.     An  economical  steam  plant  consists  not  only  of 
boilers   and  engines,  but  also  has  a  large  number  of  auxiliaries, 
such  as   feed  pumps,  air  pumps,  condensers,  feed  water  heaters, 
economizer,  coal  conveyers  and  steam  traps.     It  requires  consider- 
able  time  and   fuel   to   raise  steam  in  the  l)oilers  before  the  plant 
can    be   ])iit   in   operation   after  shutting  down ;  or.  if  the  li res  are 
kept  banke(l,s()  as  to  kivj)  up  steam  pressure  whih^  the  engines  are 
not  runiiiiie^,  a  not   ineonsiderabU^  amount  of  fuel  will  be  used  for 
this  j)urpose,  without  any  corresponding  work  being  done. 

THE    INTERNAL   COMBUSTION  MOTOR. 

In  the  internal  combustion  motor  where  the  fuel  is  a  gas  or 
volatile  oil,  tliere  is  no  apparatus  corresj^onding  to  a  boiler  and  no 
losses  corresponding  to  the  boiler  losses.  If  the  fuel  is  coal,  it 
has  to  ])(?  converted  into  gas  before  it  can  be  used  in  an  internal 
(•oni])ustion  motoi*,  and  thus  necessitates  the  use  of  a  gas  producer 
in  wliieh  some  heat  will  be  lost,  thouixh  not  so  much  as  is  usual  in 
a  boiler.  The  fuel  being  bunu'd  in  the  engine  gives  there  a  tem- 
peraturt*  of  from  *J,()0()  F.  to  ;5.0(H)  F.,  so  that  the  tenij)erature 
range  in  tlu^  engine  is  very  large,  and  consequently  the  engine  can 
be  moi'e  etlieient — that  is,  can  convert  a  larger  proportion  of  the 
heat  of  conil)Ustion  into  work  than  in  a  steam  plant.  The  hijih 
temperatui-es  are  not  necessarily  accompanied  by  high  pressures 
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because  it  is  air  and  not  water  which  is  heated  to  that  temperature. 
In  practice  the  best  internal  combustion  motors  have  converted 
thirty-five  per  cent,  of  the  heat  of  combustion  into  work,  or  twice 
as  much  as  the  best  steam  engines,  and  the  ordinary  small  gas  en- 
gine will  convert  from  fifteen  to  twenty  per  cent,  of  the  heat  of 
combustion  into  work.  The  internal  combustion  plant  is  also 
much  simpler,  having  but  few  auxiliaries.  The  number  of  men 
necessary  to  run  a  large  gas  engine  plant  is  small,  the  plant  is 
ready  to  start  up  at  a  minute's  notice,  and  the  standing  losses  are 
very  small  or  nothing.  When  a  licjuid  fuel  is  used,  the  absence 
of  boiler  or  other  auxiliaries  makes  the  internal  combustion  motor 
lighter,  more  compact,  and  more  easily  portable  than  any  other 
motor.  The  absence  of  a  boiler  also  does  away  with  the  risk  of  a 
disastrous  explosion,  and  consequently  there  is  no  inspection  re- 
quired bylaw,  no  license  for  running  the  plaut,  and  lower  rates  for 
insurance.  The  internal  combustion  motor  is  comparatively  recent 
in  its  practical  use.  The  last  five  years  have  brought  about  great 
improvements  in  its  operation,  a  big  increase  in  its  use  and  large 
extension  in  its  application.  The  internal  comlmstion  motor  i. 
less  uniform  in  its  speed  of  rotation,  and  is  more  liable  to  derange- 
ments than  the  steam  engine,  but  these  difficulties  are  ra])idly  being 
overcome,  so  that  modern  gas  engines  are  used  for  electric  lighting 
and  have  a  reliability  but  little  short  of  that  of  the  steam  engine. 

The  fuels  that  are  used  in  external  combustion  motors  may 
be  solid,  liquid  or  gaseous.  In  internal  combustion  motors,  though, 
theoretically  the  fuel  may  be  in  any  of  these  three  forms,  the  solid 
fuels  are  not  practicable  because  the  incombustible  matter  or  ash 
present  in  them  would  rapidly  destroy  the  rubbing  surfaces  in  the 
cylinders.  The  actual  fuels  used  are  either  gaseous  or  li(piid,  and 
the  latter  may  be  sent  into  the  cylinder  either  as  a  vapor  or  as  a 
liquid.  Tliere  is  no  essential  difference  between  engines  using  gas 
and  those  using  oil  ;  the  cycle  of  operations  occurring  in  the 
cylinder  is  the  same  with  both  kinds  of  fuel  ;  the  only  differences 
are  slight  structural  differences,  with  the  addition  of  special  appa- 
ratus for  vaporizing  the  oil.  The  same  engine  can  be,  and  often 
is,  converted  from  a  gas  to  an  oil  engine  by  merely  changing  valves. 

In  this  paper  whatever  there  is  of  thermodynamic  theory 
applies  to  both  gas  and  oil  engines.  The  special  features  of  oil 
engines  are  treated  after  the  discussion  of  the  gas  engine. 
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HISTORY  OP  THB  INTERNAL  COMBUSTION  MOTOR. 

The  history  of  the  internal  combastion  motor  begins  with 
the  invention  of  cannon.  A  gun  is  a  motor  in  which  the  vorkiDg 
substance  is  the  gas  resulting  from  the  combustion  of  the  powder 
and  in  which  work  is  done  on  the  projectile,  giving  it  kinetic 
energy.  Such  a  motor  is  not  continuous  in  its  action,  but  it  offers 
possibilities  of  a  practicable  engine  if  the  powder  charge  is  small 
and  the  projectile  or  piston  on  which  tlie  gases  act  is  restricted  in 
its  movement.  The  earliest  internal  combustion  motors  devised 
for  doing  useful  work  were  intended  to  use  gunpowder.  The  first 
of  these  was  suggested  by  Abbe  Hautefeuille  in  1678,  and  was 
followed  shortly  by  others,  none  of  which  were  practically  realiza- 
ble in  the  then  state  of  the  mechanic  arts. 

It  was  not  till  the  discovery  by  Murdock,  near  the  end  of  the 
eighteenth  century,  that  a  combustible  gas  could  be  obtained  from 
coal  by  a  process  of  distillation,  that  a  practical  internal  combus- 
tion motor  was  {K)S8ible.  As  soon  as  the  properties  aud  method 
of  manufacture  of  coal  gas  became  known,  numerous  attempts 
were  made  to  use  it  in  engines.  Until  the  year  1S60  many  en- 
gines were  devised,  ])atented,  and  in  several  cases  constructed, 
oj>enited  and  sold.  None  of  these  engines  can  be  said  to  have 
been  satisfaetory.  They  were  irregular  in  action,  noisy,  wasteful 
of  fuel,  and  generally  had  practical  defects. 

The  Lenoir  Engine,  which  appeared  in  1800,  was  the  tirst 
really  practical  gas  engine.  Hundreds  of  these  engines  were  made 
and  sold,  and  the  greatest  interest  in  this  type  was  aroused  in  France, 
where  it  was  l)uilt.  and  in  England,  where  it  was  largely  used. 

In  general  ap|>earance  the  engine  resembles  a  double-acting 
horizontal  steam  engine.  The  cylinder,  shown  in  horizontal  sec- 
tion in  Fig.  1,  has  a  sej)arate  admission  port  a  and  exhaust  |)ort  h 
at  each  end.  The  valves  are  simple  slide  valves  driven  by  eccen- 
trics, and  so  designed  that  the  inside  edges  alone  uncover  the 
ports.  The  valve  G  is  used  for  the  admission  of  the  explosive 
mixture,  which  consists  of  air  entering  the  valve  cavity  from  // 
and  gas  coming  through  one  of  the  branches  r  of  the  gas  pipe  and 
])assing  through  the  hole  i  in  the  valve.  Tlie  air  and  gas  enter 
the  ])ort  (t   through  a  numl)er  of  small  holes  in  which  they  are 
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thoroughly  mixed,  and  the  mixture  is  exploded  in  the  cylinder, 
when  desired,  by  an  electric  igniter  n.  The  exhaust  is  through 
the  port  b  and  the  cavity  in  the  exhaust  valve  11  to  the  atmos- 
phere. As  the  cylinder  rapidly  becomes  very  hot,  it  is  provided 
with  a  water  jacket. 

The  series  or  cycle  of  operations  which  takes  place  in  this 
engine  is  as  follows:  During  the  first  j)art  of  the  stroke  the  ad- 
mission valve  G  uncovers  the  j)ort  (f  so  that  a  mixture  of  air  and 
gas  enters  the  cylinder,  filling  the  space  behind  the  piston.     At 


Aclm«»ftion 


"^--r-^ 


U  td 

Fig.  1.    Long! tudi mil  Section  of  Cylinder  of  Lenoir  Engine. 

half  stroke  the  valve  closes  the  port  and  a  sywirk  from  an  induction 
coil  passes  between  the  terminals  //  of  the  electric  igniter,  exj)lod- 
ing  the  mixture  and  raising  its  pressure  to  (JO  or  70  lb.  ])er  scjuare 
inch.  The  piston  is  then  forced  to  the  end  of  its  stroke,  the 
products  of  combustion  expanding  behind  it.  At  the  end  of  the 
stroke  the  valve  H  uncovers  the  exhaust  port  and  keeps  it  open 
throughout  the  whole  of  the  return  stroke  so  that  all  the  products 
of  combustion  are  expelled  to  the  atmosphere.  A  similar  cycle  of 
operations  occurs  on  the  other  side  of  the  piston.  In  Fig.  1  the 
valve  G  is  just  opening  the  port  at  the  left  so  that  admission  may 
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take  place  there,  and  the  valve  H  is  just  opening  the  port  at  the 
right  so  that  exhaust  may  occur  from  the  other  end  of  the  cylin- 
der. A  reproduction  of  an  indicator  card  from  this  engine  is 
shown  in  Fig.  2. 

This  engine  gave  considerable  trouble  in  many  cases,  bntthe 
principal  reason  for  the  falling  oft  in  its  use  was  the  large  aniouut 
of  gas  it  required.  It  ifsed  from  (50  to  70  cubic  feet  of  coal-gas 
j)er  I.  II.  P.  ]K'r  hour,  or  from  thrt^  to  four  times  as  nnichasa 
motlern  gas  engine,  so  that  it  did  not  compare  very  favorably  with 
the  steam  (Migine  in  its  running  costs. 

The  Otto  Cycle.  In  the  year  1S02  it  w^as  pointed  ontbya 
French  engineer,  Beau  de  liochas,  that  in  order  to  get  high  econ- 
omy in  a  gas  engine  certain  conditions  of  operation  were  necessary. 

The  most  important  of  these 
conditions  is  that  the  explosive 
mixture  should  be  compressed 
to  a  high  pressure  l)efore  ig- 
nition. In  order  to  accom- 
plish this  he  proposed  that  the 
cycle  of  operations  should  w- 
(Mipv  four  strokes  (^r  two  coiii- 
])lete  revolutions  of  the  engine, 
and  thattlir  opiTatioiis  slioiild  he  as  follows: 

1.  Sticfinii  ()!•  <f(l miss'nni  of  the  cliargi*  of  gas  and  air 
throiiuhout  the  conipU'tc  forward  stroke. 

*J.  ( '<>in jxi  ss'toH  of  the  (explosive  mixture  during  the  whole 
of  the  n^tui'ii  sti'oke  so  that  it  linally  occunies  only  the  clearance 
space. 

'i\.  I  (pi  if  inn  of  the  chartre  at  the  end  of  the  second  stroke 
and  r,rjj(fii.'<i'>H  of  tile  exploded  mixture  throughout  the  whole  of 
the  next  forward  stroke. 

\.  K.rlniiist  hetrinnina  at  the  en<i  of  the  forward  stroke  and 
coiitiiiuiin'"  tlirou<diont   tiie  whole  of  the  last  return  strokt*. 

This  evcK^  was  not  actually  used  till  IvST^),  when  Dr.  Otto 
adopted  it  ill  liis  engine  and  thereby  jiroduced  the  nunlern  gas  en- 
irine.  Tlie  foui-st  rokt^  cycle  of  l>eau  de  liochas  is  now  universally 
known  as  the  (>tt<>  cijclr.  Jn  the  j)ast  twenty  years  several  other 
cycles,  some  of  great  merit,  have  been  devised  and   used,  but  at 
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the  present  day  an  overwhelming  majority  of  the  existing  internal 
combustion  motors  use  the  Otto  cycle.  The  engines  using  this 
cycle  are  accordingly  treated  of  first  and  at  greatest  length. 


THE  MODERN  QAS  ENGINE. 

The  construction  of  a  modern  gas  engine  using  the  Otto  cycle 
is  illustrated  in  the  sectional  elevation,  Fig.  il,  of  a  vertical  engine. 
As  in  practically  all  Otto  cycle  engines,  the  engine  is  single-acting 
and  has  a  long  trunk  piston  which  acts  as  a  crosshead  and  also 
permits  the  use  of  several  piston  rings  by  which  leakage  past  the 
piston  is  prevented  even  with  the  high  pressure  obtained  by  the 
explosion.  The  engine  is  made  single-acting  because  the  cylinder 
would  get  too  hot  for  continuous  running  if  it  were  double-acting; 
and  moreover,  a  piston  rod  and  stuffing  box  give  great  trouble  if 
exposed  to  the  high  temperature  of  the  burning  gases.  Since  the 
cycle  occupies  two  revolutions,  the  valves  and  igniter  have  to  oj)er- 
ate  once  in  two  revolutions,  and  therefore  the  ciinis  which  drive 
these  parts  are  mounted  on  shafts  running  only  half  as  fast  as  the 
main  shaft. 

Referring  to  Fig.  3,  A  is  the  shaft  which  cjirries  the  exhaust 
valve  canj,  and  is  driven  by  gears  from  the  main  shaft.  The 
exhaust  cam  works  against  a  roller  carried  on  the  free  end  of  tlu* 
guide  lever  G.  The  exhaust  vjilve  E  has  a  long  stem  projecting 
downward  and  resting  on  a  hardened  steel  j)l}ite  on  the  upper  side 
of  the  guide  lever  G.  The  spring  surrounding  the  stem  serves  to 
bring  the  exhaust  valve  back  to  its  seat  and  to  keep  the  stem  in 
contact  with  the  guide  lever.  From  the  exhaust  cam  shaft  A  a 
horizontal  shaft  with  bevel  gears  leads  to  the  opposite  side  of 
the  engine,  engaging  with  a  vertical  shaft  which  in  turn  drives  the 
upper  cam  shaft  B.  Incidentally,  the  vertical  shaft  carries  the 
governor.  The  upper  cam  shaft  carries  two  cams.  One  engages 
against  a  roller  on  the  end  of  the  horizontal  lever  0.  As  the  throw 
side  of  this  cam  comes  uppermost,  the  opposite  end  of  the  lever  C 
depresses  the  stem  of  the  inlet  valve  J,  opening  the  latter  for  the 
admission  of  the  mixture  of  gas  and  air.  A  spring  on  the  stem  of 
the  inlet  valve  furnishes  a  means  for  closing  it  and  keeping  the 
cam  and  roller  always  in  contact  with  each  other.  Immediately 
adjacent  to  the  inlet  valve  cam  is  the  igniter  cam,  which  at  the 
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proper  instant  opemtea  a  horizoatal  plnnger  working  through  the 
gaide  D  to  brrak  the  electric  corrent  throngh  the  wire  8  it 
the  terminRls  of  the  igniter  F. 

The  cylinder  heftds  and  the  npper  end  of  the  cylinder  tn 
thoroughly  water- jacketed,  as,  owing  to  the  extreme  heat  to  which 


th.-^ 
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Westlngboiua  Oss  En^ae. 
Biilijfctecl,  tlu'y  would  eo*)ri  iK-coine  red-hot  if  ii 


j)nivi(ii'd   for  ktt'pitig  the  temperature  down.     The 
cuuliiii^  wiitiT  i-iitcrs  Ht  II  and  \a  (lischut^il  at  K. 

The  }fnti  and  air  enter  tlie  mixing  chamber  M  by  Beparsle 
inletB,  in  |)r<i|)0]'tionate  ainoiiiitB  which  (tan  be  regulated,  and  tbe 
mixture  \a  conducted  through  a  dietributiug  cbambur  to  the  port 
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iiDg  to  the  cylinder  head  in  whitli  llie  inlet  valve  U  W-ated. 

The   vxhanst    gases  es 
f   c^ie  through  O. 
^^^^LTbu    ufKrHtion     of 
^^^^B  VFigiiie 
pHKd    in    the    avvuu] - 

panying     illiiatratioiis. 

Tho   ailinixsion    of   the 

cliargt)  of   air  and    gas 

tuk<^3  jilairu    during  iho 

first    downward    stroke 

of  the   engine  (Fig.  4t. 

Th«   exhanst     \-alve    E 

13    closed  and    tho    ad- 
mission valvu  J  ia  open, 

and  closes  only  wlien  the 

piston  is  at  the  end  of 

ihe  stroke  and  thecylin- 

d«r  is  full  of  the  exjilo- 

Hive   in1xtnrt>.    Pnrii 


FlK-i 


AdmLulon  of  ll 


mg 


lliu 
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KtliB  tarminals  (Fig.  6). 


rokeiFig.  5)  bo  ill  vnlvt-a  nru 
closed  and  thtt  diarga  ia 
uoinpressed  till  at  tlieend 
of  the  sti-iiku  it  ot'oiipiea 
only  the  clfanuu-e  epaee, 
Sliortly  heforu  the  end  of 
the  stroke  the  igniter  cam 
has  brought  the  igniter 
terminals  into  contact, 
eoinpletingan  electric  t-ir- 
cnit.  When  the  crank  is 
nearly  on  its  dead  center 
the  igniter  terniinala  arc 
separated  by  tlie  action  of 
a  coiled  spring  in  the 
^  gnide  D,  and  as  tliey  fly 

'  apart  the  circuit  is  broken 

and  a  spark  passes  l>c- 
igniting  thocliai^e.     An  imuiedialu 
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rise  of  presBura  oecare  and  the 
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section  in  Fig.  8.  In  tliis 
vaive  ft  for  the  fjuH,  tlio 
inlet  valve  'f  for  tlii!  i-x- 
{ilosive  iiLixturc.  ami  tin' 
t'xhniiKt  viihv.  Alltliri'rt 
valves  aro  oiH-'rated  fi'oiii 
till)  eliaft  '■  which  is 
driven  fn)rn  tht;  iiiiiiii 
shaft  by  Pjiur  fji'ariii<^, 
ri'diicnng  the  Kjii-cd  to 
(iiie-liulf  that  (tftlio  main 
shaft,  A  t-ani  on  the 
shaft  '■  lifts  thy  ]iiv()ted 
lever  il  at  the  end  of 
which  is  the  lout2;B]>indle 
uf  the  valvo  ^>  throiij-h 
which  the  cliarge  in  ad- 
mitted. The  spindle 
carries  an  nrni  i-  wliicli  eoines  in 


piston  is  forced  dovnwHrd.  tiulbiQJB 
valves  remaining  cloie&^| 
until  jnet  t>ffor«  tde  «litH 
of  tlio  down  Btnifct?,  when  W 
llrtH'Khaiisr  VH]vttKojmnit.  K 

l*nnnii  tltw  whole  ot^- 
t  he  hiat  n-tuni  Ptrokci  Kij;.  f- 
7)  the  exhaaet  vhIvb  E' 
remains  open  und  llicpTo-r 
duels  of  comhustiun  aw 
forewl  through  O  to  tbi* 
HtmuBphnre.  Tltv  t^xiiauAt 
valve  cloaoe  as  llie  pidtoo 
conipletes  the  struke,  aii<] 
everything  is  in  n-adinrss 
to  recoiiiinenw  the  cycle. 

Another  form  of  vi-rti 

cal  engine,  nsii^  the  Otto 

cycle  is  flbown  in  Tertiol 

tliere  are  three  valvea — the  inlet 


Fig.  7.    Exbaiul. 

contact  with  a  short  link  o 
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stem  «j[  tlio  ipis  iiiiitiistiion  vulvi.'  !•  wliciifvcr  an  t-xiiloaive  I'liarffi'  is 
"^•(inirMi,  Bi>tlitillKilIilli,»  valvi's  if  and  h  i\n-  oih-ii  at  tliesiiiim  tiiiit-. 
The  BjMiotj  tj  iM'liiml  tlie  viilvu  it  and  nitniud  lli«  vulvi-  A  iri  in  five 
t'oiriiiiuiiii-Htioii  witlitlin  nliii»>s]ihfiv.  Willi  n  o[ii'ii  luid  Ui.-  ].islun 
uecendiiig^  air  is  drawn   in  ami  llioroiiijlily  inixi-d   witli  tlie  gas 


wliiln  passing  tliroiifjli  ".  If  tlio  govi-rnor  tlirowH  tlic  HJicirt  link 
to  oneaido,  tlioariii 'liiKrdiiot  ciinie  in  coutiwt  willi  it,  tlic  gjis  v;ilvo 
does  not  oj)en  and  air  aloiio  is  tiikt-ii  into  tlie  cylinder  diiriiij^  tlie 
adniisaion  stroke,  Tlie  exliiinst  valve  is  behind  ihtiadniissloii  valve 
hut  is  not  shown  in  tht)  diugmni. 
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All  Hxaiiiplt)  of  tbe  horizontal  form  of  gaa  engine  is  giren  ia 
Fig.  0,  which  is  a  vertical  crods  section  through  the  cylinder  and 
valves.  The  valve  a  for  the  admission  of  the  explosive  mixture 
actfl  aiitomntically,  opening  when  the  pressure  in  the  cylinder  falls 
below  the  atinoaphcric  presanre.  Tlie  exhanst  valve  J  is  opened 
at  tlie  pro|(er  time  by  tlio  action  of  the  cam  c,  which,  acting  on  a 
roller  1/  at  the  extremity  of  one  arm  of  the  bell  crank  lever  fnl- 
crumed  at  t;  pulls  the  rod  _/'  to  the  left  and  through  the  bell  crank 
lever  fulcruined  at  '/  lifts  the  exhauBt  valve  as  shown.  The  cam  c 
is  mounted  on  a  shaft  which  is  driven  through  the  spur  wheel  k 


Flu-  fl-    Olds  Engine. 

by  tl..'  s].nr  wb.v!  /-  ulnttedl  on  tlie  criiiik  shaft.  TIil-  wl.,-,-]  /.■  U 
twii-o  as  (riaiiy  li-i'lh  jis  the  wlicel  A,  iind  coTise(|ueiitly  the  cam 
shaft  revolves  only  half  as  fast  as  the  main  filiaft. 

Another  borizoiilnl  engine  is  iilustratiHl  in  Figs.  10,  II  auJ 
12.  In  this  case  tlie  admission  valve  B  and  the  exhaust  valva  D 
ai-o  lx)lli  horizentat,  a  jKisition  which  can  bf  used  satisfactoritv 
only  for  engines  of  small  size.  Tho  air  goes  to  the  admission 
vjilve  through  the  pijw  N,  and  is  shown  as  taken  from  the  base  of 
the  engine.  Tlie  gas  mixes  with  it  at  II  (Fig.  10), entering  throngl 
u  nozzle.     Tlie  amount  of  gas  entering  is  controlled  by  thetbrott) 
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valve  A  (^Fig.  11),  and  the  time  at  which  it  enters  is  determined 
hy  the  valve  G,  which  is  opened  at  the  desired  time  through  the 
action  of  the  cam  P(Fig.  11).  The  cam  P  coming  in  contact  with 
the  roller  Q  at  the  end  of  the  lever  fulcrumed  at  II,  gives  a  move- 
ment to  the  rod  S  which  is  transmitted  to  the  valve  thronnrh  the 
levers  best  seen  in  Fig.  12.  The  admission  valve  B  is  automatic 
in  its  action.  Tlie  exhaust  valve  D  is  opened  by  the  action  of  the 
cam  T  (Fig.  10)  acting  on  the  roller  U  at  the  end  of  the  valve  rod 
W.  The  valve  rod  is  supported  near  its  free  end  by  the  lever  X. 
Both  the  cams  P  and  T  are  on  a  shaft  driven  from  the  crank  shaft 
by  spur  wheels.     The  governor  (Fig.  12)  is  of  the  fly-wheel  type 


Fig.  10,    Charter  En>:liie.    Sectional  Elevation. 

and  consists  of  the  balls  which  are  held  1>y  s[)irHl  springs  and 
which  operate  a  sleeve  on  the  main  shaft.  AVheii  the  engine  is 
above  speed,  the  movement  of  the  sUn^ve  throws  the  roller  Q  out 
of  line  with  the  cam  P,  and  conseQuently  tliere  is  no  admission  of 
gas  to  the  cylinder. 

The  inlt'.t  and  exhuuHt  vaJvcH  in  gas  engines  are  nearly  al- 
ways poppet  or  niushrttom  valves  similar  to  those  shown  in  Figs. 
4  to  11.  The  exhaust  valves  are  nearly  always  mechanically 
operated;  the  main  inlet  valves  are  often  automatic.  The  auto- 
matic valve  is  similar  to  a  pump  suction  valve  and  is  kept  on  its 
seat  by  a  weak  spring  {fi^  Fig.  9)  and  only  opens  when  the  pressure 
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ill  tlie  cylinder  is  Biiftici«Dtly  l»ss  than  tLu  atmospheric  prvEsare  to 
pi-niiit  the  latter  to  overcoirie  the  resifltaiice  of  the  spring.  Con- 
si-i]iiently  the  siii-tion  or  admission  pressure  in  the  ^as  engine  is 
neceswirily  low  when  antoniatic  inlet  valves  are  used.  Theeffwl 
is  to  decrease  tlie  work  done  by  the  engine  and  also  its  efficiencv: 
the  only  advantage  is  the  greater  simplicity.  Most  small  gas 
engines  have  automatic  inlet  valves, 

A  jiositively  actuated  admission  valve  is  shown  in  Fig,  13. 
Tlie  valve  is  lifle*!  by  a  cam  a  on  the  side  shaft  h  through  Ibelew 
fnlerumed  at  ■-.  The  valve  closes  by  its  own  weight,  assisti-d  liy  a 
spring,  and  is  guided  in  its  motion  by  a  long  sleeve,  Tiievalvo 
chest  is  I'oTiijiletely  water- jacketed. 


^nn-  in  tlif  e\  liixhr  whrn  llie  exhaii:-t  valve  oi»-Jis  is 
^r,.|i,.i:,llv  frniii  :,'ri  lu  -i ')  I!',  fih..v,!  ihe  atmospheric  prej^sure.  ami 
"xW  cxi^'ni.l  \;ilv.-  \v.ifi  U>  be  Iift,tl  against  this  pr.-ssnro.  AVitlia 
iiinshiiiniu  v;il\i'  -t  in.  in  diiimeler.  and  with  40  lb.  ])ressui-e  ]>er 
sqiian'  inch  at  the  end  of  exjiaiiMon.  there  would  be  a  total  ]>ressiire 
i.f  ab..nt  ntllf  lb.  on  the  valve  at  the  timu  when  it  is  to  W-  \\h^■^\.  ll 
is  di'sirable  to  reiliice  the  (^Ivain  on  the  valve  and  valve  ineclianism, 
and  in  large  eiii;ine3  tiiit)  is  soiiietinjea  done  by  balancing  the 
valve.      A  balanced  exhaust  valve  <•  of  the  piston    valve   type  is 


shown  iti  Fig.  14  in  its  valve  chest  or  IiuiisiDg.  The  connection 
wilh  tbo  cylinder  is  at  f1  and  the  valve  seal  is  iho  coniciil  seat  n. 
A  hole/*  throngh  the  valve  ensures  the  existent-e  of  atmospheric 
pressiiro  on  top  of  the  valve,  and  the  exhaust  gast'S  escape  through 
ij  to  thtf  atniospliere.  To  prevent  exceweive  heating  of  this  valve 
water  is  cin:ulate<l  through  it,  entering  at  h  and  leaving  at  c. 

In  smaller  engines  the  jiressure  on  the  exhaust  valve  just 
ng  is  BUEneliiiieB  relievt-d   iiy  the  esciiiit*  of  ihe 


FlK,  It    Charter  tiiKiii''. 

derwhicli  is  uncovered  by  the  piston  just  Iwforo  it  reaches  the  end 
of  its  oiitstroke.  Soon  after  it  starts  on  tJie  return  stroke  the  pis- 
ton covers  the  auxiliary  port,  and  the  exhaust  for  the  retnainrter  of 
the  stroke  is  through  the  regniar  exhanst  valve.  Aa  the  regular 
valve  O'ot  shown  in  the  figure)  is  not  opened  till  after  the  iineov- 
eriug  of  the  auxiliary  port,  tliere  is  practically  only  atmospheric 
pressure  on  it  when  it  lifts.  An  objection  to  this  device  is  that 
the  same  auxiliary  port  is  uncovered  (^Hin  neiir  the  end  of  the 
admission  stroke,  and  as  the  pressure  on  the  rylinder  \a  llien  lei^s 
tluui  Htrnuspheric  pressure,  some  of  (he  exhaust  gnses  enter  tliu 
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cylinder,  mixing  with  the  charge  and  diluting  it.  At  the  bfgin- 
ning  of  the  return  or  compreBsion  stroke  part  of  tlia  contents  of  thu 
cylinder  is  forced  out  to  the  exhaust  until  the  piston  has  again  cov- 
ered the  auxiliary  port,  and  consequently  some  of  the  charge  is  lost. 
Valve  Gearing.  The  valves  are  moat  commonly  operated  by 
cams.  Cams  are  preferable  to  eccentrics  for  this  purpose,  because 
they  can  be  designed  to  give  very  prompt  opening  and  closing. 
The  cams  are  mounted  uj)on  a  lay  shoft,  or  side  »/iaJi,  or  c<im 
shaft.  Tlie  cam  sh;ift  is  driven  in  different  engines  either  by  spur 
gears,  l>evel  gears,  or  skew  gears.     The  spur  gear  (see  Fig.  13)  can 
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mly  f..r  y.uMA  .hafts,  the  b.-vel  gear  for  eliafts  uiiich 
'  same  phiiie  but  nw  iuclint'd  to  one  another,  and  the 
)ii;i]  gi-ai-  (l-'ig.  It!)  for  sliiifts  wiiicli  are  not  parallel  and 
!  in  the  sanio  pliirie.  To  reduce  the  speed  of  the  cam 
sjiur  and  bevel  gears  iiiuat  have  tlie  gear  on  the  cam 
e  the  si;:e  of  that  on  the  main  shaft.  With  the  skew 
1  is  no  necessary  rchition  iH'twcen  ihe  diameter  of  the  two 
gcnenillv  the  gear  on  tlie  cam  shaft  is  smaller  than  thai 
;iiu  shaft.  The  skew  gear  has  great  advantage  over  the 
iii  itd  rjuietiiesfs  of  operation. 
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THERMODYNAMICS  OF  THE  OTTO  CYCLE. 

Id  internal  combustion  motors  the  explosive  mixture  in  the 
cylinder  consists  of  air  mixed  witli  a  comparatively  erTiall  volume 
of  the  gaseous  or  liquid  fuel.  For  instance,  if  the  engine  uses 
^aa  from  the  city  maius,  the  mixture  will  average  about  eight  or 
nine  parts  of  air  to  one  of  gas  and  should 
never  have  less  than  about  six  parts  of  air 
to  one  of  gas.  This  mixture  can  be  re- 
garded up  til]  the  time  when  explosion 
takes  place  as  if  it  were  pure  air.  Also, 
the  products  of  combustion,  after  the  ex- 
plosion is  completed,  have  pbyuical  prop. 
ertiee  but  very  slightly  different  from 
those  of  air,  and  consequently  the  working 
substance  in  the  cylinder  can  be  regarded 
without  serious  error  as  consisting  entirely 
of  air.  In  the  following  discussion  of 
what  occurs  iu  the  engine  cylinder,  it  is 
assumed  throughout  that  the  substance 
in  the  cylinder  is  air. 

The  processes  taking  place  in  the 
engine  cylinder  are  best  represented  on  a 
pressure- volume  diagram.  At  the  be- 
ginning of  the  cycle  of  operations  (be 
piston  is  at  the  end  of  its  path  and  is 
about  to  begin  its  ontstroke.  The  clear- 
ance space  is  full  of  products  of  combus- 
tion at  atmospheric  pressure  because  it 
has  beeu  in  communication  with  the  at- 
mosphere through  the  exhaust  valve  which  '■"''''■  "■  "^^I'J"'^^''  Eihttusl 
has  just  closed.     The  condition  existing 

in  the  cylinder  at  this  instant  is  represented  in  the  diagram,  Fig. 
17,  by  the  point  1,  which  is  at  a  horizontal  distance  from  the 
vertical  axis,  representing  the  clearance  volume,  and  at  a  vertical 
distance  above  the  horizontal  axis,  representing  the  atmospheric 
pressure  of  14.7  11).  per  stiuare  inch.  As  the  piston  makes  its 
out-stroke,  the  admission  valve  ojwns,  admitting  the  charge  to  the 
cylinder  throughout  the  stroke,  and  as  the  cylinder  is   in  com- 
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munication  with  the  outside  air  through  the  air  admission  valve, 
the  pressure  in  the  cylinder  remains  atmospheric  pressure  through- 
out the  stroke.  On  the  diagram  the  admission  is  represented  by 
the  line  1  2,  which  is  at  the  constant  height  representing  the 
atmospheric  pressure  and  whose  length  represents  the  volume  of 
the  charge  taken  in,  which  is  the  same  as  the  volume  through 
which  the  piston  moves.  The  point  2  represents  the  condition  at 
the  end  of  the  first  stroke.  The  admission  valve  now  closes  and 
the  piston  makes  its  return  stroke.     Since  all  the  valves  are  closed. 


Fig.  15.    Section  Tlirougli  Cylinder.  Columbus  Engine 

tlie  charge  cannot  escape  and  is  crowdiMl  into  a  smaller  volume 
while  its  ])ivssuro  rises.  TIk*  ])roees3  continues  till  the  piston 
reaches  the  end  of  its  stroke,  at  which  time  the  whole  charge  is 
coiii])ressed  into  the  clearance  sj)ace.  This  process  is  reTjresented 
by  the  line  2  \\^  which  shows  the  rise  in  pressure  resultinrr  from  the 
compression.  A  compression  of  this  kind,  occurring  without  the 
addition  or  the  abstraction  of  heat  from  the  gas,  is  called  an  oiVft- 
hfftic  compression.  It  causes  not  only  an  increase  in  the  pressure 
but  also  in  the  temperature  of  the  gas.  It  is  the  process  that 
takes  place  in  the  working  of  an  ordinary  bicycle  ])ump  and  which 
causes  its  rise  in  temperatuiv.  The  relation  between  the  pressure 
of  air  and  its  volume  when  subjected  to  adiabatic  comjjression  is 
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(Note  carefully  that  in  this  equation  P  means  the  absolute  pres- 
sure and  not  the  pressure  shown  by  a  gauge).  When  the  charge 
has  reached  the  conditions  represented  by  the  point  3.  it  is  ignited, 
and  the  heat  generated  by  the  explosion  raises  the  temperature  and 
consequently  the  pressure  of  the  mixture.  The  combustion  occurs 
so  rapidly  that  the  piston  has  not  time  to 
start  on  the  out-stroke  before  the  com- 
bustion is  completed  and  the  rise  of  pres- 
sure occurs,  as  is  shown  by  the  line  8  4, 
while  the  volume  of  the  gas  is  constant. 
The  hot  products  of  combustion  at  the 
pressure  P^  now  force  the  piston  out  and, 
expanding  behind  it,  they  fall  in  j)re8Hure. 
This  expansion,  occurring  withoft  com- 
munication of  heat  to  or  from  the  gas  is 
adiabatic  expansion^  and  is  conse(juently 
accompanied  by  a  fall  in  temperature  of 
the  gas.  The  expansion  curve  4  5  is  sim- 
ilar to  the  compression  curve  2  3,  and  has  \.\\v  siime  equation. 

At  the  point  5  the  piston  is  at  the  end  of  tlie  stroke  and  no 
more  expansion  is  possible.  The  exhaust  valve  o])ens  and  the 
pressure  in  the  cylinder  falls  immediately  to  atmospheric  pressure, 


Fig.  16.    Spiral  Gear. 


as  shown  by  the  line  5  2  in  the 
diatrram.  Throuirhout  the  last 
return  stroke,  2  1,  the  exhaust 
valve  remains  open  so  that  the 
pressure  in  the  cylinder  remains 
atmospheric  pressu  re.  The  com- 
pleted diagram.  Fig.  17,  shows 
the  whole  series  of  pressure  and 
volume  changes  occurring  in  a 
gas  engine,  and  is  such  a  dia- 
gram as  would  be  taken  by  an 
indicator  from  a  perfect  engine.  The  area  2  3  4  5  enclosed  by 
the  diagram  represents  the  work  done  by  the  engine  per  cycle. 

The  Pressures  and  Temperatures  of  the  working  substance 
and  the  amount  of  work  done  in  an  engine  which  exactly  follows 
the  Otto  cycle  can  be  readily  calculated.     Starting  at  the  point 
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Fig.  17.    Ideal  Indicator  Card  of 
Otto  Cycle. 
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2  (Fig-  17)t  there  ib  present  in  the  cylinder  a  Tolame  V,  it 
stmoepberic  presBnre  F,  and  at  the  tempentore  t^  vhich  will  be 
asHDnied  to  be  the  temperatnre  of  the  air  as  it  came  into  the  ^Ud- 
der.  The  working  Bnbetance  is  compreeBed  adiabatically  till  it  filli 
only  the  clearance  rolame  Y,.  The  conaeqnent  riBe  in  preganie 
can  be  calculated  from  the  formnla  already  given,  bnt  it  is  nuHe 
simply  obtained  from  the  curve,  Fig.  18,  whidi  gives  the  relatioD 
between  the  changes  of  volume  and  of  pressure  in  adiabatic  eipsD> 
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Bion  or  compression.  Tlio  horiisoiital  ecale  in  this  diagram  is  tie 
ratio  of  e.\paDBion  or  coiiipression,  and  the  vertical  scale  shows  the 
corresponding  ratio  of  the  pressures  at  the  beginning  and  end  of 
the  expansion  or  com  press  ion.  If,  for  example,  the  working  enb- 
stance  ex|miidB  adiabaticaliy  to  five  times  its  original  volume,  the 
pressure  (whie)i  varies  inversely  as  tlie  volume)  is  shown  by  the 

curve  to  fall  to  -,,,-.-  of  its  original  value.     Conversely,  if  the 
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workiDg  substance  is  compressed  to  ^-  the  original  volume,  the 

pressure  rises  to  9.67  times  its  original  value.  Consequently, 
the  pressure  at  the  point  3,  Fig.  17,  can  be  found  by  the  use  of 
this  curve. 

Example.  A  gas  engine  with  33^  per  cent  clearance  takes 
in  its  charge  at  14.7  lb.  per  sq.  in.  pressure.  What  is  the  pressure 
at  the  end  of  the  adiabatic  compression? 

Solution,  The  clearance  volume  V^  is  33J  per  cent  of  the 
volume,  Vj  -  V„  through  which  the  piston  moves,  or 


33^ 


V  =  -^  (V  -\\ 


.-.     3V,==V,-V3 
and      Y  =  ^ 

From  the  curve,  Fig.  18,  if  the  ratio  of  compression  is  4,  the 
corresponding  ratio  of  pressures  is  7.00,  so  that  the  pressure  at 
the  end  of  compression  is  7.06  times  the  ])ressiire  at  the  lx»ginning 
of  compression.  Therefore  the  pressure  at  end  of  compression, 
P„  =  7.06  X  14.7  =  103.8  lb.  per  sq.  in.  abs. 

T/te  temperature  at  the  end  of  the  (uliahitt'fr  e.rjhrnfifofh  can 
be  found  from  the  equation  for  a  perfect  gas.  This  may  be  stated 
in  the  form 

where  to  is  the  weight  of  the  gas,  R  is  a  constant  for  any  perfect 
gas  and  has  the  value  53.2  for  air,  P  is  the  pressure  in  lb.  ]K^r 
sq.  ft.  abs.,  and  T  is  the  absolute  temperature  of  the  gas.  The 
weight  of  the  gas  is  constant  throughout  the  adiabatic  compres- 
sion, and  can  be  found  from  the  point  2  if  P^,  V.^  and  T^  are 
known.    The  temperature  at  3  can  then  be  found  from  the  equation 

Example.  Assuming  the  conditions  of  the  previous  problem 
and  supposing  the  temjierature  of  the  air  to  be  60^  F.,  what  is  the 
temperature  of  the  charge  at  the  end  of  the  compression  ? 


ttl 
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Solution. 


„  _  V^      l-t.7  X  144  X  V, 

T,  60  +  4G1 

Also     „  _P,V', 
"  ~  «-R 

V,      14.7  X  144 
and    V,  _    1 

V,  ""  4 

1  5*U 

.-.     T,  =  103.8  X  144  X  i-X  w-^'=^T^\ 

4      14.  <  X  U-t 

=  OlO.fV  abs. 
and  t.  -  458.(r  F. 


77/ c!  /vV^  /m  tifiHptr^ifKre  tl nrmg  exjyhfsion  depends  on  how 
much  heat  is  generated,  which  in  turn  depends  on  the  strengtii  of 
the  explosive  mixture  and  the  heat  of  combustion  of  a  cubic  fo»t 
of  the  fuel.  Let  II  be  the  heat  of  combustion  of  a  cubic  foot  of 
the  fuel  in  B.  T.  U.,  and  let  the  mixture  consist  of  1  part  of  gas  to 
//  parts  of  air.  The  total  volume  of  the  charge  taken  into  the 
cvlinder  each  admission  is 

\\      \\  en.  ft. 

the  vohnm^  of  fuc*l  in  this  cliaro*^ 

.li'^'-^^') 

and  the  heat  of  combustion  of  this  fuel  is 

ii  +  1 

This  Iieat  is  utilized  in  raising  the  temperature  of  the  gas  from 
the  known  temperatui'e  T.^  to  another  temperature  1\.  The  rise  in 
tem])erature  can  be  found  when  tlie  heat  necessary  to  raise  one 
])ound  of  air  one  degree  in  temperature  is  known.  This  amount 
of  heat  is  called  the  sjh  ('[iit-  In  nt.  It  is  represented  by  the  svnil>ol 
( \.  (indicating  that  the  volume  is  unchanged  wliile  the  temperature 
rises),  and  is  equal   to   .1()U  B.T.I',  for  air.     With  a  weight  of  //* 


^%St 
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lb.  the  beat  necessary  to  raise  the  gas  one  degree  in  tern  j)e  rat  lire  is 

//<V  B.T.U. 
To  raise  the  temperature  1\  -  T3  degrees  the  heat  supply  is 

rn  Cy  (T,  -  T3)  B.T.U. 

and   the  heat  of  combustion   is  used  entirely  in   raising  the  gas 
from  T3  to  T,. 

P  V 

=  _i_!j('    /T  -  T") 
RT      ^  ^   *        '^ 

II  RT         1       V,  -  V. 

^^-^'-  n  +  1  ^  TT  ^  r,  ^  — vr~ 

Example,  In  the  previous  problem  if  the  charge  takfen  in 
consists  of  1  part  of  gas  to  seven  parts  of  air  and  the  heat  of  com- 
bustion of  the  gas  is  040  B.T.U.,  per  cu.  ft.,  find  the  temperature 
at  the  end  of  explosion. 

Solution , 

Y,  -  V,  _  V,  -  I  Y,         n 

_  040      5;3.2  X  521       J.  3 

♦  ~     '  '~    H~'^  14.7  X  144  ^  ITJH  ^   4 
...     T,  =  4(i4!»  +  T3 
=  550.S.0''  abs. 
.-.      t.  =  5107.(5=  F. 

If  a  perfect  gas  is  raised  in  temperature  while  its  volume  is 
unchanged,  the  absolute  pressure  will  increase  in  exact  proj)ortion 
to  the  rise  of  absolute  teinperature, 

or  l\  :  P,  :  :  T,  :  T3 

T 
•      P  ^     *P 

Example.  What  is  the  pressure  at  the  end  of  explosion  in 
the  preceding  problem  ? 
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Solution. 

T 
P  =~P 

5568.6      ,^,^„ 
=    ^i^>  ^  X  lUo.o  lb.  per  sq.  in.  abs. 

=  628.6  lb.  per  sq.  in.  abs. 

The  pressure  and  temperature  at  the  end  of  the  adiahut'ic 
expansion  can  be  found  most  simply,  after  the  other  pressures  and 
temperatures  are  known,  by  making  use  of  a  relation  which  exists 
between  the  pressures  and  temperatures  at  the  points  2,  3  4.  5.* 
These  relations  are 

P       P 

P    "~P 

and 

T       T 


T  ~  T 

Exa7nj)lei<.  What  are  (a)  the  pressures  and  (b)  the  temper- 
atures at  the  end  of  the  adiabatic  expansion  in  the  preceding 
problem  ? 

P. 

(a)     ]\  —  p'  X  P,  =  8^)  ll>.  per  sq.  in.  abs. 

T, 

([))     1l\  —  — -  X  T^  —  3155'  abs. 

=  2094^  F. 

Tho  troi'l'  (J(nn>  by  any  heat  engine  is  equal  to  the  difference 
between  the  heat  that  goes  to  the  engine  and  that  which  is  rejecteil 
by  the  engine,  because  whatever  heat  disappears  cannot  have  been 
destroved  and  must  have  been  converted  into  work.  In  the  Otto 
cycle  the  heat  taken  in  has  been  seen  to  be 

Q  ==  v/<\,  (T,  -  T3)  B.T.U. 

Heat  is  rejected  from  the  engine  only  during  the  process 
rej)resented  by  the  line  5  2,  because  when  the  charge  gets  back  to 
the  condition  2,  it  has  returned  to  its  original  volume  and  pressure 

P4 

♦    The  ratio  of  the  pressures  — -  can  he.  obtained  from  the  curve.  Fig.  18.  since  the 

1  5 

ratio  of  the  volumes  ,/  is  known.    But  Va  =  Vs.  therefore  rr  =  ^  and  v;,'^  =  --* 

\\  V4      \3  Ps       Vb 


^^\ 
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and  consequently  to  its  original  temperature.     The  heat  rejected 
is  then 

QR  =  .rC^(T,-T,)  B.T.U. 

And  consequently  the  work  done  per  cycle  is 

W-Q-Qr  B.T.U. 

=  779  (Q  -  Qk)  ft.  lb. 

Tlie  effieiency  of  the  cj/rle^  that  is,  the  fraction  of  the  heat 
supplied  that  is  converted  into  work  is 

W_Q-Qr 


=  1 

Qr 
Q 

-1 

-T 

-■■2 

-T 

And  since,  as 

already 

stated, 

T. 

•J 

T, 

we  get 

T,- 
T.- 

T  ~ 

T 

m 

therefore 

- 

E 

=       1- 

Examph 

\     Find 

tho 

etKci 

iency  o 

problem. 

E 

=  1- 
=  1- 

T, 

521 

919.6 

=  1  -  .567  =  .433 

The  work  W  done  per  cycle  can  be  calculated  from  the  efficiency, 
without  knowing  the  heat  rejected 

Q 
or     W  =  E  X  Q     B.T.IT. 

=  779  E  X  Q     ft.  lb. 


4M 
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TT        /12\ 


ExaittjdeM,  If  the  cycle  discussed  in  the  previous  exampi^Kjles 
takes  place  in  a  cylinder  of  12  in.  diameter  and  18  in.  stroke,  wIMEhat 
will  be  the  work  done  per  cycle  ?  If  the  engine  makes  250  re- —  vo- 
lutions  per  minute,  what  will  be  its  indicated  horse-power  I 

Solutioti, 

W  =  779  E  X  Q     ft.  lb. 

Vj  -  V,  is  the  volume  through  which  the  piston  moves  in         en. 

ft.,  and  is  the  product  of  the  cross  section  area  of  the  cylinder in 

sq.  ft.  by  the  stroke  in  ft. 

12\        18 

is 

:=  1.178  cu.  ft. 
.-.     Q  =  94.25  B.T.U. 
.-.     \V=^  40.81  B.T.U. 

=--  :U701  ft.  lb. 

Since    this    engine   requires   two   revolutions    to  complete  a 
cycle,  the  number  of  cycles  per  minute  is  only  half  the  number  of 
revolutions   per   niiinite;  tlierefore   the  work  per  minute  and  fie 
horse-powiM'  —    W  X  125     ft.  llj. 

_    HI  Tin  X  125 

~  8H(MH) 

=-  120.4  T.ii.r. 

EXAMPLE  FOR  PRACTICE. 

(a)  A  gas  engine  using  the  Otto  cycle  iias  25  per  cent  clear- 
ance and  takes  in  its  cluirge  at  14.7  )]>.  per  sq.  in.  at  <')0  F. 
What  is  the  pressure  at  the  end  of  the  compression? 

Ans.     141.1  lb.  per  sq.  in.  abs. 
(I))     What  is  the  temperature  at  the  end  of  compression? 

Ans.     531)  F. 

(c)  If  the  charge  consists  of  1  ])art  of  gas  to  0  parts  of  air  and 
the  heat  of  combustion  of  the  gas  is  000  B.T.U.  j>er  cu.  ft.  what 
is  the  temperature  at  the  end  of  explosion?  Ans.     4258^  F. 

(d)  What  is  the  pressure  at  the  end  of  explosion? 

Ans.     005.9  lb.  per  sq.  in. 


^^ 
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(e)  What  are  the  pressure  and  temperature  at  the  end  of  the 
expansion  ?  Ans.  C9.4  lb.  per  sq.  in.  ahs.     191)7    F. 

(f)  What  is  the  efficiency  of  the  cycle?  Ans.     .479. 

(g)  If  the  cylinder  diameter  is  18  in.  and  the  stroke  is  24  in., 
and  the  engine  makes  150  revolutions  ])er  minute,  what  is  the 
LII.P.?  Ans.     ISO  I.Il.P. 

An  examination  of  the  equation  for  the  efficiency  of  the  Otto 
cycle, 

T 

E  =^  1  -  4  • 

brings  out  certain  important  results.  The  efficiency  is  seen  to 
depend  only  on  the  ratio  of  the  temj)eratures  at  the  beginning  and 
end  of  the  compression,  and  not  at  all  upon  the  tein{)e!ature  and 
pressnre  at  the  end  of  explosion.  Since  the  ratio  of  the  tenijK'ra- 
tures  at  the  beginning  and  end  of  compression  depends  only  upon  the 
ratio  of  compression,  and  since  further,  the  charge*  is  always  com- 
pressed till  it  occupies  the  clearance  volume,  the  efficiency  is  seen  to 
depend  only  upon  the  ])ercentage  clearance.  In  other  words,  in 
engines  with  the  same  [)ercentage clearance  using  the  Otto  cycle,  the 
percentage  of  the  heat  liberated  in  the  cylinder  that  is  conwrted  into 
work  is  always  the  same  whatever  be  the  size  of  the  engine  or  the 
strength  of  the  charge.  The  effect  of  the  clt^irance  on  the  efficiency 
is  exhibited  in  table  I,  where  it  is  seen  that  the  sniallrr  the  clearance 
the  greate»r  is  the  efficiency  of  the  engine.     The  ])res8ures  at  the 

TABLE  I. 


Percentage 
Clearance  of  Otto 
cycle  engine.- 


80 
40 


Pressure  at  the  end 

of  compression  ,  , 

lb.  per  Ml-  in.  ubs,  ,  rycW 


Kmciencv  of  i)tt(> 


18:5.8 
141.1 

II0.4 

OH. 

85 . 0 


47 . 9 
44.8 
4:i.l 

80.8 


Kitlrifnoy  of  cycle  with 
Jiicn':is«Ml  expansion, 
but  wlih  tin*  s:inie 
t'oinprrsslon  jum's- 
sur»*    as    the    Otto 


58 . 4 


50.4 


end  of  compression  are  also  given  in  the  table,  and  are  calculated 
on  the  assumption  that  the  atmos[)heric  presBure  is  14.7  lb.  per 
sq.  in.  abs. 


487 


►  CYCLE  WITH  INCREASED  EXPANSION. 

senrc  at  ll)i<  Olid  (if  i-xpitnsion   ie  eefn  in  thei>xaiii|il« 
I  o  l»e  X'*  III.  ptir  sij.  in.  mIis.     In  ordiiiiiry  pnuiiiv ii  in 

I  iind  tu  \w  from  TtO  to  00  lb.  abs.     It  ia  evident  tW 

J'tti't)  ponnilti-d   to  cxiiaml   further  it  woiilii  ilu  laorv 
iBwjneiitly  would  intTURSo  tlie  efficiency  of  the  wlf. 
r  card.  Fig.  lH,  ehowa  one  inutliod  ujH-d  for  nl][aiiii«i; 
vt  nsiuii.     Tliu  c'linrgii  untttra  Kt  utinusplieriv  prestiun-rniiii 

±  t  HI  the  adrniafiion  ia  cut  off.     Tlio  piatoii  continues  iiidv. 

iii<;  lorwniil  to  tlit<  end  of  its  utroltu.  bitt  u&  no  moro  iiiliiiiiiAioii 

taki'S  place  the  charjp'  expsmls  adiabaticnlly  to  3, -while  its  |im- 

sun-  falls.      On  tlii'  rctnriistroki* 


the 


1(1  rgL'   1 


ipriiBiit^  iidia- 


batically,  retracingUie  expaosioo 
path  along  8  2  and  contiDDing 
till  the  whole  chai^  is  com- 
presBed  into  the  clearance  spue 
at  4.  The  net  of  the  cjele  v 
unchanged.  The  diagram  134 
5  8  2  repreBenta  the  ordinirj 
Otto  cyclo,  and  tlie  shaded  flfc* 
8  ()  7 'J  represf  nts  the  iQCreaMi" 
work  due  to  the  increaeeil  «■ 
pansioii.  Tin'  efficiency  of  this  cycle  can  be  easily  calunlated  and 
the  results  of  such  calcnlations  are  given  in  table  I.  They  are 
made  on  the  assuiiijilion  that  the  charge  is  admitted  for  only  oik^- 
half  the  stroke  and  that  the  heat  combustion  ia  SO  U.T.U.  per  cu.  ft. 
of  thecharge.  An  inspection  of  the  table  shows  the  increaw  i" 
efficiency  which  results  from  the  increased  exjansion  for  en^iies 
which  have  the  same  pressures  at  the  end  of  compression  and 
indicates  that  in  order  that  a  gas  engine  of  this  ty]>e  should  Ik  of 
liitjii  efficiency,  it  should  compress  the  charge  to  n  high  pressuty. 
and  then  should  expand  the  products  of  combustion  to  a  voluine 
considerably  in  excess  of  the  original  volume  of  the  charge. 

THE   IDEAL  AND  THE  REAL  OTTO  CYCLES. 

The  calculations    in    the  preceding  pages    are  made  on  the 
aBsnntption   that  the  gas  engine  follows  the  Otto  cycle  exactly,  in 
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Fig.  2«).    Indli-ator  rar<l  from  Otto  Cycle 


M'hicb  case  the  engine  is  calleil  an  //A///  engine.     Tlie  />///  enpne 

does  not  exactly  follow  the  Otto  cycle  l>ecanse  of  certain  practical 

<lifficiiltie8.     Differences   l>etween    the  real   and  the  ideal  enj/ines 

occur  in  each  part  of  the  cycle.     During  adniijjjiion  ( Fitj.  20.  line 

1  2)  the  pressure  in  the  cylinder  is  actually  a  |K)und  or  more  Ixdow 

the  atmospheric  pressure,  that 

difference  being  necessary   to 

open  the  air  admission   valve 

(when  automatic),  and  to  cause 

the  air  to  flow  in  with  sufficient 

velocity.     The  charge, jnore- 

over,  is  heated  by  contact  with 

the  cylinder  walls  and  with  the 

hot  gases  remaining  in  the 

clearance.     The  compression  is 

not  adiabatic  bec*ause  it  (XTurs  in  a  cast  iron  cvliiidtM-  which  takes 

beat   from  the  gas  while  it  is  being  (•oMJpre>sed  and  so  makes  the 

final   teni|)erature   an<l    pressure  less  than    tliat  calculated  on  the 

assumption  of  adiabatic  expansion.     The  diilVrence,  generally,    is 

not  very  great. 

Tlie  explosion  in  the  real  engine  is  ntMther  instantaneous  nor 
complete.  It  approximates  more  closely  to  the  ideal  explosion 
when  the  compression  is  consi<ieral)le  an<i  when  the  explosive 
mixture  has  only  a  small  excess  of  air  present.  With  weaker 
mixtures  the  explosion  becomes  slower  an<l  h-ss  complete,  as  shown 

in  Fit^  'Jl,  till,  with  the  weakt^st 
explosive  mixture,  the  process  is 
reallv  one  of    slow  combustion 

« 

takini*"  place  throii(rlioiit  the  whole 
of  the  expansion  pericxl.and  some 
of  the  chartre  mav  be  still  un- 
biirnt^d  when  exhaust  takes  place. 
Even  under  the  best  conditions  the  rise  of  temperatiin^  and  con- 
sequently of  pressure,  during  the  exjdosion  is  only  aboiU  six-tenths 
of  thatoccurrinor  in  the  ideal  enjrine.  This,  it  will  be  seen,  makes 
the  power  of  the  real  engine  considerably  less  than  that  of  the 
ideal.  The  water  jacket  around  the  cvlinder,  without  which  the 
cylinder  would  l)e  too  hot  to  be  properly  lubricated,  is  one  of  the 


120 
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Fig.  21.    Indicator  Card  with  W«-:ik 
Mixture. 
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atiPi'sof  tliediffi'renw  Iwtwtvn  the  real  and  ideal cyc/n^ 
HE  I  -t  nhsorhii  nsually  al>niit  forty  [>cr  cent  of  the  tutat   ht»t 

of  mutiuti. 

tpaiiaion  cnrve  ir  alHjve  ihe  ndinbtitic  in  rent  ^agfuw 

cyiiDder  whIIb  that  liavu  Uwu  Lwitwl  by  the  espliwon 

{  aoniH  hpst  to  thu  gasfs  aud  also  liecauee  the  coiiibuj^IiHn 

0        (.'onlirmcs  mid  lilieralea   inuro  bail.     Tliis  Iwsl  efTet'l  is  wpi' 

CI       ■  marked  w)iL-a  the  explosive  mixture  is  weak. 

I'iiiAlJj',  llie  exiiMUSt.  HH  in  ibi-  stfiiiti  t-ii^iiie,  U'^iiis  a  lin'c 
before  tlio  riid  of  Ihu  e\]ianniiiii  stroke  6i)  hs  to  i^ivr  [ilfjity  of  liiw 
for  the  escape  of  the  gaeee,  and  the  preeenre  in  the  cylinder  daring 
the  eshaost  stroke  is  nec^sarily  hi^er  than  that  of  the  atmoe- 
phere  into  which  th^  gases  are  rejected. 

The  total  effect  of  all  these  differences  between  the  ml  tnd 
the  ideal  engine  is  that  the  work  done  in  an  actual  engine  in  good 
condition  ia  only  from  five-tentha  to  six-tentha  of  that  which  tba 
ideal  engine  woald  do,  and  the  efficiency  of  the  real  engine  is  odIj 
from  five-tenths  to  six-tenths  of  that  of  the  ideal  engine. 

Example.  What  are  the  probable  actaal  efficiem^jhw*- 
power  and  gas  consumption  of  the  enginewhose  ideal  perfonnance 
has  iH'en  worktJ  ont  in  the  preceding  exiiinples  \  Assume  iht 
real  eufrine  to  Imvo  ^^^  the  i'ttifieney  of  the  ideal  engine. 

The  ideal  etheieney  was  found  to  \\e>  .438. 

.-.     The  probable  leal  efficiency  ^  .(i  X  .433  =  .20. 
The  ideal  horse-powep  was  found  to  be  120.4, 
the  probable  real  II.  P.  =  .0  X  120.4  =  72.2. 

The  gas  eon8iini|>tion  is  expressed  in  en.  fl.  per  I.H.F-[*'f 
hour.     In  the  ideal  engine  the  volume  of  gas  taken  in  jier  cycle  vrM 

V,~V        1.178 
-i^^.^-^^.U-cuft. 

The  niiiiiber  of  cycles  per  minute  was  125. 

.-.  the  gas  used  ]>er  minute  =  .147  X  125  en.  ft. 

=  18.4  cii.  ft. 

,-.  the  gas  used  per  hour       ^  18.4  X     fSO  cu.  ft. 

=  1104.  cu.  ft. 

And  the  probable  real  I.Il.P.  is  72.2. 

.-.  the  gas  used  pr  I.H.P.  ])er  hour  =  -=o^~  =^  ^^-^  en.  ft. 


GAS  AND  OIL  ENGINES 


31 


EXAMPLE  FOR  PRACTICE. 

What  are  the  probable  actual  efficiency,  I.II.P.  and  gas  con- 
sumption of  the  engine  whose  ideal  performance  has  ])een  worked 
out  in  the  previous  examples  for  practice. 

Answers:     .287  efficiency. 

108  LII.P.  ' 
14.71  en.  ft.  gas  consumption. 

Ignition.  For  satisfactory 
action  of  a  gas  engine  the  ig- 
nition of  the  explosive  mixture 
must  be  certain  and  must  occur 
at  a  definite  predetermined  tim(». 
In  tuning  the  ignition  it  has  to 
\\e  recognized  that  the  explosion 
is  not  instantaneous  but  n*- 
quires  the  lapse  of  a  not  in- 
considerable period  of  time 
before  the  maximum  ])ressure  is 
reached.  The  actual  duration  of 
the  explosion  depends  on  the 
strength  of  the  explosive  mix- 
ture and  on  the  amount  of  com- 
pression  to  which  it  is  subjecttMl. 


FiK.  --• 


TIk^  i^nilioii  sliould  luive   haih 


that  is,  should  betrin  a  little  lu^fore  llie  end  of  the  return  or  com- 
pression  stroke,  when  tlu^  crank  is  al)()Ut  Ih  from  its  dead  center, 
so  that  the  maximum  pressure  is  readied  wlien  the  crank  has  just 

j)assed  tlie  dead  center.     The  indi- 
cator card,  if,   Kig.  22,  is  with 
-I60    j)r()perly  timed   ignition.      If  the 
-120    itrnition    is  later  than   this,  indi- 
eator  cards  similar  to  h  or  <-  will 
he  obtained,  and   the  entrine  will 
do  less  work  and  h(*  less  efiieient. 
If  the  itrnition   is  too  earlv,   the 
maximum  pressure  will  he  obtained  (^Kig.  2;V)  before  the  crank  has 
reached  its  dead  center  and  will  tend  to  reverse  the  eiiixine.     This 
causes  great  shock  to  the  engine,  its  rapid  deterioration  and  low- 


Fi{jf.  •^''^. 


431 


OAS  AND  OIL  ENQINES 


ered  efficiency.  The  iiuiiiediatu  external  evidence  of  too  early  or 
prentatnre  ifrnitioii,  from  wLatsoever  cause,  is  a  violent  pounding 
noise  in  tlie  engine. 

Ttco  lufthwh  of  hjHUluit,  are  in  common  nee  in  engines  using; 
the  Otto  cycle.  Tlie  first  is  by  bringing  the  explosive  mixture 
into  contact  with  some  surface  which  is  kept  at  a  temperature 
sufficiently  high  to  cause  ignition;  the  second  is  by  means  of  an 
electric  arc.  A  hot  tnl>e  is  the  common  device  when  the  first 
method  of  ignition  is  netnl.  The  tnbe  E  (Fig.  24)  is  closed  at  the 
upper  end  and  commu- 


J^ 

nicates  at  its  lower  end 

S^SSs. 

a 

through  the  port  B  with 
the  cylinder  A.      It  is 

^^vv^^V\^ 

■V                     ^ 

heated  by  an  external 

^^^vNa? 

^                   ^ 

Hame  from  the  Bunsen 

^^^ 

burner  C,  and  is  main- 
tained at  a  full  red  beat. 

^Kg 

™.     The  eliininey  around  the 

1 

•^     tube  is  lined   with  as- 

^     // 

B 

t 

A  tiestos  and  keeps  the 
Hiuiie  in  good  contact 
wiih  the  tiilH!.     During 

the  admission  stroke  the 

i 

tnlw  is  fillfd  with  prod- 
nets    of    combustion  at 

atniosi)heric  pressure 
remaining  from  the  pre- 

V'\M.  :\     iiMi 

111--    imilliT. 

vions  explosion.       As 

•oiii]»rf:-si(ni  j;m-s  uii. 

liif    lii;ii.fXiil. 

sive  iiroilufls  of  combustion 

m<  c]-<>w<i.-(l  inio   t)i.- 

it|.jK-r  j«rt  <> 

the  tulie  while  l«rt  of  the 

■xjilds^ive  liiiMtiiv  \n 

itie  cvliiiiiiT  is  connuvssi'd   into  the  lowfi- 

jiiirt  of  III.-  lull,-.     Ti 

■  icti^iii  or  tiif 

HI  be  and  the  position   of  the 

ImiH?  !irt'  juljiistvd   li 

■   fXjicriit 

cut 

o  that   the  explosive  ehiirire 

igiiititiii  is  not  very  detiiiite. 
the  tube,  the  jiositiuii  of   thi 


■tiiiii  of  the  luUi  UTid  l>e  ignited  at  tlie 
desired.  Shorleiiing  the  t»l)e  makes 
With  this  deviee  the  actual  time  nf 
te.  It  dejK'iidii  on  the  teiiijHrature  of 
Ijunsen   lliinie,   the  strrngth  of   the 
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'iiixtiire  and  the  amount  of  coinjirt'sgjuii.  Ah  tliwi'  last  two 
<|uaiititieii  are  jiurposely  varied  by  the  governor  in  sftnie  engini*8, 
irr^nlar  timing  would  result  from  its  use  in  eueli  nifles, 

TliB  irrefrnlarity  of  timing  with  the  hot  tulie  iirniter  win  lie 
yjartly  remedied  by  the  usu  ot  a  fi/m'/i// vi'/'-'.  The  tiiiiiiii;  valve 
XS  (Fig.  25j  is  held  on  its  seat  by  a  sjiiral  S[iring  1)  until  ignition 
19  desired,  when  by  a  movement  of  the  bell  crank  lever  K  the  valve 
opens  and  the  conipn'sseti  charge  in  the  cylinder  A  gets  actvss  to 
the  hot  tulje  C.     The  vulve  li  is  kej.t  oih-ii   till   the  end  of  ihe 


exhaust  stroke.     The  tub 

s  are 

pr 

flTHllI 

nile  of 
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sists  merely  of  a  bundle  of  soft  iron  wires  surrounded  by  a  eoil  of 
insulated  eopjier  wire,  throngh  which  the  current  goes.  The  con. 
tact  points  of  the  igniter  must  be  brought  together  to  re-establish 
the  current  before  another  spark  can  be  obtained.  A  device  of 
this  nature  is  known  as  a  in'ikr. 
iiiiil-hreitk  igniter;  and  when  the 
contact  points  do  not  slide  across 
i  another,  it  ia  ca]li»d  a  li'iin.- 
ii'ir  i/'cff^- contact. 

One  of  the  common  forms  of 
hammer  break    igniter    is    illus- 
trated in  Fig.  27,  which  shows  an 
igniter  ping  removed    from    the 
^.^ji  cylinder  head.    The  movable  elec- 

trode h  is  at  the  end  of  an  arm 
>  thcHpindle  r.  'When  tlie  interrupter  levcr ./, 
the  spindle  <-,  and  is  coniiectetl  to  it  through  ft 
iflt-d  hy  an  arm  fn>m  the  cairi  shaft  of  the 
he  Kpiiidle  (•  so  aa  to  bring  h  into  hard  contact 
,■  ;Mid   lli.,r<Hii:liIv  iNsul:.U>d   el.Tiri"!.-".     Tl)!:: 
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fri: 


.  f.mi.  Iivlniv.i  .f 
.      Til,-  i-„iila,-t  |». 


l,.s    .,f    111.'    I.l» 

otlicr.  111,.  ...-1 


■li.  Til..  i.ii..sage  <iE  tlie  B|iark  tftk.?3 
ri:il  from  uiie  t.'niiinal  aii.l  .lu)MK.il.. 
M  f.ill.iwiiifr  the  dire.:tion  of  tli.'  .'iir 
kill  of  till'  current,  tlie  material  iiiav 
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he  returned  to  the  tonninal  from  wLieli  it  was  taken,  aiul  the  dur- 
ability of  the  contact  points  considerably  increa.sed. 

The  current  is  generally  taken  from  a  jiriniary  battery,  con- 
eiating  of  about  five  cells.  The  Edison-Lalande  cell,  made  up  of 
two  zinc  plates  and  a  plate  of  compressed  copper  oxi<le  imiiierHi^d 
in  a  strong  solution  of  caustic  soda,  is  perhaps  the  most  largely 
used.  Other  sources  of  electricity  can  be  need.  Current  is  soine- 
timea  taken  from  a  direct  current  lighting  or  power  circuit,  but 
this  is  objectionable  because  the  circuit  is  grouiidtHl  every  time 
the  igniter  terminals  are  in  contact.  The  practict!  is  gn>wiiig  of 
using  a  small  special  dynamo  for  the  exclusive  purpose  of  supply- 
ing the  etirrent  for  ignition. 
This  makes  the  ignition  sjMrk 
more  certain  and  of  inore  uni- 
form strength  than  when  a 
tiattery  is  used,  as  the  latter 
deteriorates  and  weakens  with 

A  make -and -bfL-ak  contact 
is  sometimes  obtained  by  slid- 
ing one  contact  point  i»ver  tbe 
other  until  it  slides  off  com- 
pletely. This  is  known  as  a 
irljte  brnik.  The  method  en- 
sures a  good  contact,  jirodueea  ^'^'  ^Viku''Lh'riv.''rt"K'i'iLiii'"''  '"" 
a  very  hot  Spark,  kee|is  the  <:i>ii- 

tact  points  clean,  but  wears  them  out  (piite  rapidiv.  Provision 
must  Ikj  made  for  adjustment,  otherwise  tin-  liiiiini^  will  ulii-r  with 
the  wear  of  the  points.      The  rubbing  surfacfs  ciiii  In-  of  iron. 

Tlio  igniter  gear  of  an  engine  with  lianinicr  iireak  igniliori  in 
shown  in  fig.  2S.  The  igniter  rod/',  which  is  supiiorlitl  on  the 
reel  /(,  receives  a  riHriprocuting  niiitiori  from  a.  cniiik  ;/  at  the  end 
of  the  aide  shaft.  l>uring  the  exhaust  or  adniissinn  wiroke  the 
end  of  the  rod  /  conies  in  contact  with  the  interrujtter  lever  '/ 
{compare  with  Fig.  27)  and  establishes  the  contact  of  the  ek-c- 
trwles.  The  vertical  component  of  the  ninvemeiit  of  the  end  of 
the  roil/' sets  free  the  lever  (/  at  the  nionieiit  when  ignition  is 
desired. 
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A  switch  (Fig.  29)  should  always  be  included  in  the  electric 
circuit  and  should  be  thrown  out  when  the  entJ^ine  is  not  runninij, 
SO  as  to  prevent  the  short-circuiting  and  consequent  exhaustion  of 
the  batteries. 

Another  way  of  obtaining  electric  ignition  is  known  as  tlie 
jump  tipark  method.  In  this  system  the  terminals  are  stationary, 
generally  from  one-sixteenth  to  one-eighth  of  an  inch  apart,  and 
the  spark  is  made  to  spring  across  the  gap  between  them  bv 
putting  the  terniinals  in  the  secondary  circuit  of  a  Ruhmkorff  or 
ihiluctloih  coll.  This  coil  consists  of  a  core  of  soft  iron  wire 
around  which  is  wound  a  relatively  coarse  insulated  wire,  the 
2>rliiutrtj  i'lrcnif^  through  which  the  current  from  the  source  of 
energy  flows.     A  relatively  fine  insulated  M'ire  coil,  the  St'<  'nHhinj 
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BATTL~Y 
SWITCH 


^ 


^ 


IGNITER 
PLUG 


SPARK    COIL 


I'lu.  J'.'.     iJia.ixnim  of  Igniter  Circuit. 

circuff.  is  NNoiiiid  ai-nun<l  llu'  ])riiiiarv  coil,  but  has  in)  iiiriallie 
contact  willi  it.  If  the  curi'ciit  tlowincr  thron»'"h  llie  ijriinarv 
circuit  is  varic<l  in  stiviioth,  it  creates  or  induces  a  current  in  tin* 
secondary  circuit  (ienerally  the  Kulimkorir  coil  is  ])rovidiHl 
N\ith  a  magnetic  \il»rator  i  similar  to  that  used  in  an  electric  bell'. 
which  makes  and  breaks  the  primary  cii'cuit  with  trn^at  rapi«iitY 
and  indiKH's  a  con.-iderable  alternatinjr  current  in  the  secondary 
circuit.  If  the  two  ends  of  the  secondary  coil  be  brought  close  to 
one  another,  but  m)t  (jiiite  in  contact,  a  spark  will  jump  acro^s  the 
trap  at  each  nndvc  and  break  of  the  ])rimary  current,  the  spark  at 
the  break  beino'  the  more  powerful.  For  ignition  of  the  explosive 
niixiure  in  a  ons  engine  it  is  not  necessary  to  use  a  yibrator;  ihe  cam 
sliaft  ot  the  engine  bi'caks  the  r>rimary  circuit  at  the  instant  wht-u 
explosion    is    desired.       The    spark    passing   on    the    subseouent 
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remaking  of  the  primary  circuit  is  not  strong  enoncrh  to  ignite 
the  charge.  The  connections  for  jump  spark  ignition  are  shown 
diagrammatically  in  Fig.  30.  The  primary  circuit  is  shown  there 
as  being  completed  through  a  cam  on  the  side  shaft  of  the  engine. 
As  soon  as  the  side  shaft  has  moved  from  the  position  shown,  the 
contact  with  the  upper  Hat  spring  is  broken  and  the  primary 
current  is  interrupted,  thereby  inducing  sufficient  current  in  tlie 
secondary  circuit  to  make  a  spark  pass  across  the  air  gap  betwetMi 
the  terminals  of  the  spark  plug.  These  terminals  are  completely 
insulated,  so  that  the  only  path  for  a  current  between  them  is 
across  the  air  gap. 

The  jump  spark  method  has  as  its  great  advantage  the 
absence  of  moving  parts  inside  the  cylinder.  This  is  oflFset  by  the 
fact  that  the  spark  is  liable  to  fail  as  a  result  of  the  formation  of 
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INOUCTION   COIL 
Fig.  30.    Diagram  of  Jump  Spark  Igniter  and  Connections. 

deposits  of  rust  or  corrosion  on  the  points,  the  liability  to  this 
being  much  greater  than  in  either  of  the  niake-und -break  methotls. 
The  difficulty  of  obtaining  satisfactory  insulation  is  also  greater. 
Qoverning.  The  governing  of  an  engine  means  the  control 
of  the  power  which  it  is  developing  so  that  its  sj)eed  is  maintained 
practically  constant.  If  the  engine  develops  more  j)ower  than  is 
required,  the  engine  will  speed  up;  if  the  j)()wer  delivered  to  the 
crank  shaft  is  less  than  the  resistance  there,  the  encrine  will  slow 
down.  The  governing  of  a  gas  engine,  like  that  of  the  steam 
encrine,  is  effected  by  utilizing  small  variations  of  engine-speed 
resulting  from  change  of  engine  load.  The  controlling  mechanism, 
or  the  governor  proper,  does  not  differ  from  that  used  on  the  steam 
engine,  but  there  is  a  considerable  difference  in  the  way  in  which 
it  controls  the  work  done  by  the  engine.  There  are  two  general 
methods  in  use  in  gas  engines  for  varying  the  power;  one  by  vary- 
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^^B   ing  till-  miinbiT  of  L'xpUisions  or  impiilfn'B  per  miniile,  which  it 
^^H   kiinwn  as  llio  }iit-<iii'l-m>>fs  Bystom,  utid  tlio  oilu-r  by  viiryiiig  tlie 
^^B  iimjTiiitude  of  tlie  iinpiilso  while  keeping  the  nnmlier  per  iiiinnte 
^^H  constttiit,  wliii^h  may  Ihs  called  the  mr'mhle  impiihe  sptem. 
^^H  The  Hit-and-MisB  System.     The  omission  of  tlie  exploeioa 

^^V  or  iinpiilan  fan  Iw  ohtainwl  in  several  ways,  Tho  most  comniuD 
^^H  ntcthixl  ie  to  kei-p  tliu  giio  admission  valve  cluHt'd  ea  that  air  aloDo 
^^^B  is  tukeii  in  dnririg  the  admission  Btroke.  and  (;onst.i|nt?iilly  ibtrrnii 
^^^V  no  explDBiun,  A  inetlind  of  occompltahing  this  is  to  be  Been  in 
^^H  Fig.  SI,  in  which  h  loaded  centrifugal  governor  ia  tlllo^vll  drivau 
^^H  ^^  by  bevel    gearing  from    the   cam  shaft. 

^^^^  ^^^^^        In  tbe  f)Ositiou  shown,  the  gas  adtni^iaD 

^^^^  V    ^^^^^^^^     cam  il  will  eoniH  under  the  reel  €-,  uxl 

^^r  \^^SH^     will  Btart  to  lift  it  at  the  bef;iiiDiii<;  of 

'  ^^^^^Xm^^fc^     the  iidtnisflioti  stroke.    The  rei-I  /■  is  loose 

on  a  Bpindle  at  the  end  of  the  horizontal 
lever  r,  and  the  vertient  rise  of  th»  spindlit 
dne  to  tbo  action  of  the  cam  opens  the 
gus  viiK'L'  liy  a  system  of  leverB  ixil  uliown 
in  the  figure.  If  the  engine  speeds  up. 
the  rise  of  the  governor  balls  raises  the 
'  sleeve  on  the  governor  spindle.  lifts  tiie 
horizontal  arm  of  the  bell  crank  lever 
fidcrnnied  at  n  and  shifts  the  forki-d t-nd 
f/  of  the  vertical  arm  to  the  right,  carry- 
Fig.  31-  uov.ruiir  ui  Olio        i„<r  the  reel  c  with  it,  so  that  the  earn 

EUBlIli-.  '',  -.A  -A 

no  longer  engages  it  and  no  gas  is  ad- 
mitted. When  the  B])eed  comes  down  to  the  normal  speed,  the 
reel  is  moved  baek  and  the  admission  of  gas  again  takes  place. 
Tliis  method  is  oj>en  to  the  objection  common  to  all  the  hit-and- 
miss  methods  that  it  makes  the  speed  of  the  engine  very  irregular 
at  any  other  than  full  load.  Even  at  full  load,  with  the  Otto 
cycle  occurring  in  a  single  acting  cylinder,  there  is  only  one  mo- 
tive stroke  or  impulse  in  four  strokes  instead  of  one  every  stroke 
as  in  a  double  acting  steam  engine.  If  the  engine  governs  by  tbe 
hit-and-miss  method  and  is  rnnniug  at  half  load,  half  the  explosiona 
will  be  omitted  and  there  will  be  but  one  motive  stroke  in  eight; 
at  one-third  load,  there  is  but  one  motive  stroke  in  twelve;  and  at 


GAS  AND  OIL  ENGINES  39 


quarter  load,  one  in  sixteen.  Running  at  quarter  load,  the  engine 
will  be  speeded  up  during  the  motive  stroke  and  will  slow  down 
during  the  succeeding  fifteen  strokes  till  it  gets  to  normal  sjR^ed 
again.  The  actual  variation  in  speed  at  low  loads  can  be  reduced 
by  the  use  of  heavy  fly  wheels,  but  with  this  method  of  governing 
it  is  too  great  for  use  when  close  regulation  is  necessary,  as  for 
electric  lighting.  There  is  an  incidental  advantage  in  the  use  of 
this  method  in  that,  durincr  the  idle  cycles,  the  cylinder  is  flushed 
out  by  the  scaveiufiny  charge  of  air,  which  makes  the  next  ex- 
plosion more  [)owerful. 

The  omission  of  an  explosion  is  sometimes  offecteil  in  engines 
which  have  an  automatic  admission  valve  by  the  action  of  the 
governor  in  keeping  the  exhaust  valve  open  throughout  the  cycle. 

The   free  communication    between    the   cylinder   and    the  outside 

« 

through  the  exhaust  valve  prevents  the  pressure  in  the  cylinder 
from  falling  sufficiently  below  the  atmospheric  pressure,  during 
the  admission  stroke,  to  cause  the  inlet  valve  to  open.  The  cylin- 
der contains  only  products  of  combustion,  substantially  at  atmos- 
pheric pressure,  so  long  as  the  exhaust  is  open,  and  conseijuently 
no  explosion  can  occur. 

The  Variable  Impulse  System.  The  amount  of  work  done 
in  a  given  gas  engine  depends  on  the  strength  of  tlie  charge,  on 
its  amount,  on  the  timinix  of  the  icrnition,  and  on  several  other 
factors.  The  engine  can  be  governed  by  tlie  variation  of  tnif/  otn 
of  these,  and  the  three  specifically  mentioned  are  all  in  regular  use 
for  this  purpose. 

If  the  governing  is  effected  by  v'tn/'nuj  tin'  sfrrtu/fh  of  f/w 
charge^  the  control  has  to  be  such  that  the  mixtnre  is  always  an 
explosive  one.  With  each  kind  of  gas  used  in  an  engine  there 
are  both  hitrher  and  lower  limits  to  the  amount  of  air  with  which 
it  may  be  mixed  if  it  is  to  remain  an  explosive  mixtnre.  If  the 
ratio  of  air  to  gas  should  be  outside  these  limits,  the  mixture  sent 
to  the  exhaust  would  be  un burned  and  valuable  gas  would  be  lost. 
Conseqently,  if  the  engine  goes  above  normal  speed  when  admitting 
the  weakest  explosive  mixture,  the  power  of  the  engine  has  to  be 
further  reduced  by  omitting  the  admission  of  gas  entirely.  In 
Fig.  32  is  shown  a  device  for  governing  in  the  manner  just 
described.    The  governor  </  is  driven  from  the  cam  shaft  v  through 
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G  filters  a  port  in  the  cylindrical  valve  A  and  meets  air  which 
enters  from  D  throngh  einiilar  porta.  The  iiiixtnre  passes  out  of 
the  valve  through  a  large  jiort  near  the  top  and  goes  through  C  to 
the  cylinder  where  the  inlet  valve  D  is  open.  The  relative  amounts 
of  gas  and  air  are  regulated  by  the  two  levers  II  II,  which  are 
connected  to  entirely  independent  cylindrical  Bhells  inside  the 
valve  A  and  wliich  can  rotate  them  bo  as  to  cover  up  more  or  less 
of  the  lengths  and  therefore  of  the  areas  of  tlie  gas  and  air  ports 


respctively.  AVith  tlie 
areas  for  admission  of 
gas  and  air  to  the  cyl- 
indrical valve  A  will  bo 
fixed,  and  cimBeqiiently 
the  strength  of  the  mix- 
ture will  be  constant. 
The  actual  amount  of 
the  mixture enteringthe 
cylinder  is  controlleil  by 
the  governor  li,  which 
works  an  iiiternat  cylin- 
drical valve  in  such  way 
as  to  throttle  tlie  dis- 
charge port  of  the  valve 
A  when  the  sliced  iii- 


two    levers   in    constant   positions    the 


This  method  ol 
governing  permits  a 
[lerfect  adjustment  of 
the  work  done  in  the  cylinder  each  cycli 
more  uniform  sjjeed  of  the  engine  than  u 
descril>ed.  The  tlirottliiig  of  the  mixture 
the  engine  during  the  admission  stroke,  i 
out  with  a  vacuum  Iwliind  it.     At  the  e 


tisequently  gives 
iiy  of  the  methoils  so  fur 
imjiosesextni  work  njwn 
IS  the  [liston  haH  to  move 
iid  of  the  admission  the 


pressure  Jn  the  cylinder  will  be  less  and  less  as  the  load  on  the 
engine  becomes  emaller,  and  consecjnently  the  jirewsure  in  the  cyl- 
inder at  the  end  of  comjin-ssiou  is  lens  as  the  load  decreases.  AVilh 
det'reaH(.Hl  compression  the  combustion  of  the  mixture  is  slower. 
This  is  well  shown  in  Fig.  35,  which  gives  a  series  of  indicator 
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c^ontrol  of  the  power  by  varying  the  ignition  is  always  uneconom- 
ical, but  the  method  is  one  of  extreme  simplicity. 

Starting^.     A  gas  engine  will  not  start  itself  in  the  way  a 

steam  engine  does  when  steam   is  turned  on.     It  is  necessary  to 

get  the  engine  in  motion  by  means  of  some  special  80urc>e  of  power 

\3ef0re  it  can   take  up  its  normal  cycle  of  operations.     (lenerally 

this  special  source  of  power  is   not  adequate   to  get  the  engine 

moving  rapidly  when  it  is  connected  to  any  considerable  load;  it 

is  always  preferable  and  generally  necessary  to  throw  the  load 

conTpletely  off  the  engine  till  it  gets  under  way. 

In  the  normal  running  of  an  engine  the  ignition  of  the  charge 
occurs  before  the  end  of  the  back  stroke,  and  if  the  time  of  iirnition 
is  kept  the  same  when   starting   there   is  a  danger,  or  often  the 
certainty,  that  the  high  pressure 
of  the  explosion,  acting  on  the 
piston  before  the  crank  has  got 
to  its  dead  center,  will  overcome 
the  inertia  of  the  engine,  which 
is  small  Ix^cause  of  its  low  8[)eed, 
and  will  reverse  its  direction  of 
rotation.     If  the  starting  power 

is  small,  the  ignition  has  to  be  j,..^,  3,. 

retarded  by  some  special  device 

so  that  it  will  not  occur  till  after  the  crank  has  j)asse(l  its  dead  center 
— that  is,  there  must  be  negative  lead.  An  example  of  a  device 
for  retarding  the  ignition  is  given  in  Fig.  ;^r>.  The  igniter  rod  A 
(compare  with  f^  P'ig.  2S)  which  is  worked  l>y  a  crank  on  the  side 
shaft  B,  is  supported  during  normal  running  on  the  reel  C,  which 
is  loose  on  the  fixed  spindle  I).  In  the  ])osition  shown  it  is  just 
about  to  trip  the  interrupter  lever  E  on  the  spindle  which  nu)ves 
the  movable  electrode.  When  startint;,  the  reel  C  is  slidaloncr  the 
spindle  D  so  that  the  igniter  rod  ^V  rests,  as  shown  in  the*  dotted  lines, 
directly  on  D,  consequently  the  tripping  occurs  so  much  later. 

There  are  several  oreneral  methods  of  starting^  ijas  entrines.  If 
the  engine  is  small,  not  exceeding  10  11.  P.,  and  can  be  disconnected 
from  its  load,  it  is  common  to  start  it  by  turning  it  over  by  hand 
for  a  few  revolutions  till  an  explosive  mixture  is  admitted  and 
ignited.     As  it  is  difficult  to  pull  the  engine  over  when  the  charge 
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B  comppeBiwd  for  llir  wlmlw  back  stroke,  most  engines  are  provide") 
lilh  an  extrn  fxliaiiet  cam  which  is  jiut  into  action  while  Bturtitu;, 
and  which  not  only  nj^wnB  tlie  exliauat  valve  during  the  exhnuat 
period  hut  kIbu  opens  it  Hguin  dnring  the  first  part  of  the  com. 
prt^Aciion  period,  eo  that  eoint}  of  the  explosive  mixture  is  forcwl  unt 
of  the  cyliniliT  and  the  amount  of  I'oni ])reBHion  ia  det^remwd.  Tlic 
explosion  of  tbiH  dimii^ifllied  charge  after  the  crank  huit  jiosaed  tba 
dowi  jKiinl.  Btaita  the  wn^ine  going,  and  after ojwrat ion  under  tlivm 
conditions  for  si'Veral  cycles,  the  engine  will  come  lip  to  epetd  if 
It  ia  imt  lri:i(li-d  hi-uvily,  and  t!io  i-omprepsion  und  ignition  luftj 
then  be  changed  back  to  the  ttormal  ranQiDg  coodttions. 

With  large  engines  it  is  impraoticable  to  start  by  hud,  tod 
other  devices  have  to  be  nsed.  One  of  the  most  simple  and  cer- 
tain is  to  start  the  engine  by  the  admiasion  of  compreBsed  kir, 
which  acts  on  the  piatoa  jast  as  steam  does  in  a  steam  engine. 
This  method  is  especially  desirable  in  an  engine  with  several  cjrlin- 
ders,  in  which  case  one  cylinderis  nsed  as  a  compressed  air  cylinder 
to  run  the  engine  till  the  other  cylinders  take  op  their  norma)  cjcle 
of  operations;  and  then  the  compressed  air  is  shut  off  and  the  fitst 
cylinder  is  put  into  normal  action.  If  the  engine  bas  only  one 
cylinder,  it  cjiii  he  brought  to  a  good  speed  by  the  admission  of 
compressed  air,  and  then,  after  the  compressed  air  is  shut  off,  it 
will  continue  to  revolve  by  its  own  Inertia  until  an  explosive 
mixture  is  taken  in  and  exploded. 

An  arnmgement  for  starting  a  multicjlinder  engine  with 
compressed  air  is  illustrated  in  Figs,  3  and  37.  A  compressor 
(Fig.  37),  wliich  ia  driven  by  a  belt  from  the  engine,  forces  air 
into  a  storage  tank  and  brings  it  to  a  pressure  of  about  160  lb.  In 
case  of  need  the  compressor  can  be  operated  by  hand.  When  the 
engine  is  to  be  started,  the  compressed  air  can  be  admitted  to  one 
of  the  cylinders.  Tlie  cam  B  (Fig.  3)  on  the  upper  shaft  ia  first 
tlirown  out  of  action  by  a  special  device,  so  that  the  inlet  vaUe  J 
cannot  open.  The  hand  lever  on  the  outside  of  the  crank  case 
near  the  cam  A  is  thrown  over,  putting  the  ordinary  exhaust  cam 
A  out  of  action,  but  bringing  Into  action  a  double  cam  whieli 
keeja  the  exhaust  valve  E  ojten  throughout  every  up-stroke  of  the 
engine.  Another  cam  on  the  same  shaft  ia  brought  Into  action  at 
the  same  time,  and  operates  a  starting  valve  (not  shown)  on  the 
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pipe  from  the  compresBed  air  reservoir,  B'hiLLtting  compressed  air 
to  the  cylinder  on  every  down  stroke.  The  cjliiider  then  nets  as  a 
coriipressed  air  engine  till  the  explosions  liegin  in  the  other  cylin- 
ders, when  tlie  cams  B  and  A  are  hronght  hack  to  their  normal 
positions  and  the  starting  cylinder  fnnctlona  normally,  Tii  other 
engines  compressed  air  is  admitted  to  the  cylinder  during  the 
expansion  stroke  by  manual  oj>eration  of  a  sjiecial  valve.  After  two 
or  three  admissionsduring  successive  cycles,  the  engine  willattain 
speed  enough  to  permit  the  oj)eniiig  of  the  gas  valve  and  the  com- 
mencement of  the  cycle. 

With  engines  up  to 
100  II. P.  a  common 
method  of  starting  is  to 
ignite  a  charge  which  has 
lieen  drawn  into  the  en- 
gine by  turning  it  over  hy 
hand.  The  engine  is 
brouglit  to  tlio  beginning 
of  the  expansion  stroke. 
and  a  delinito  amount  of 
gasoliiie  is  put  into  a  citp  . 
whicli  connects  with  the 
cylinder  through  a  valve 
which  is  opened.  The 
engine  is  then  jnilled  over 
till  the  piston  has  iumId 
half    its    forward    stroke.  '"'«■  ^'    '^ir  (-..mi^r-ssor. 

air  being  drawn  in  ami  forming  an  ex]i[oMive  riiixture  with  the 
gasoline  which  entera  at  the  same  time.  Tlie  gasoline  valve  is  then 
closed  and  the  engine  is  turned  quickly  in  the  o|i|)osite  liireetion, 
the  charge  is  coinjiressed  as  much  as  possible,  and  is  then  igiiiteil. 
The  ignition  is  brought  about  liy  trijipiiig  tlie  electric  igiiiler  by 
hand,  or  liy  the  use  of  a  special  iletonator,  or  even,  in  some  cases, 
by  striking  a  inatch  inside  the  cvlinder  by  meuns  of  a  sjieeial 
device.  It  is  not  ]iosMib!e  witli  a  loailcd  engine  to  compress  the 
charge  much  by  hand,  so  that  this  method  is  only  apj-licaiile  to 
engines  of  mwierate  si/e  which  can  be  disconuccteil  from  tlioir 
starting  load. 
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If  tlie  engine  has  to  start  under  moderate  load,  it  is  generallj 
necessary  to  supply  the  engine  witli  a  charge  whicb  has  been  com- 
pressed to  a  hiijh  pressure.  This  can  be  accomplished  by  setting 
the  engine  with  the  crank  about  ten  degrees  past  the  dead  center 
on  the  expansion  stroke,  and  then  pumping  an  explosive  mixture 
into  the  cylinder  (Fig.  38)  till  the  piston  begins  to  move.  At  tliat 
instant  tlie  charge  is  ignited,  and  the  work  done  by  the  expansion 
of  the  exploded  cbjirge  will  be  enough  to  start  the  engine  on  its 
cycle  of  operations.     Another  method  of  accomplishing  the  saiur 


thintr  is  lo  u.miiktL  tlu.  rvlin-U-r  K  i  l-'ij,'.  ;iil(  uiih  a  .]«'cinl  starling! 
(-lumiK.T  l>.  AVlirii  tlie  L-iigiiu-  is  k-iiiy  sliut  ilowii.  tlie  f^[i,Tial 
iiiirt  v:ilv.-  A  is  lil'itil  from  its  pcMt,  w  that  at  e;i.-li  suction  siroh' 
air  U  drawn  llir.m<:h  Hit-  diamh.T  1)  by  w;iv  of  the  valv,-  V.  Tli. 
du,i,il».r  !).  llie  cylindiT.  and  th,-  coiim-.-ting  [upe  are  tims  lili.-^l 
wilh  ].nre  nil-  at  atniospiieric  Jir.-ssurc.  'Wjicn  the  erijjine  is  tu  !>■- 
start. ■.!  l!i,-<riiscuck  ('  is  o],en,-d  nud  gas  tiows  both  into  the  chiim- 
lier  I)  and  inlo  tii.>  <-_vliiui,T,  a  ci.c-k  on  tlic  cylinder  Inking  o]«'iif.l. 
A  pilot  Jiglil  burns  across  the  opening  abuv.- the  valve  F.juulHft,-r:i 
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short  lime  a  combustible  mixture  of  air  and  gas  isBuea  and  catches 
lire.  If  the  cock  C  is  theQ  closed,  the  flow  of  the  explosive  mix- 
ture stops  and  the  flame  consequently  shoots  back  past  the  valve 
¥  and  ignites  the  mixture  in  D,  closing  the  valve  F  against  an 
uppiT  face  by  the  force  of  the  explosion.  Tlie  flame  proceeds  to 
the  cylinder,  the  contents  of  whicli  will  have  Ihh'U  compressed  by 
the  explosion  in  ]),  and  can^is  an  explosion  there.  In  large 
plants  a  special  starting  engine  is  customary. 

Water  Jacket.  In 
all  the  pn'cedini;  set 
tional  views  of  gas  en 
gine  cylinders  it  will  Iw 
seen  that  the  cylinder 
Iiarrel  and  tiie  cylinder 
head  have  double  walls 
and  in  every  case  pro 
vision  is  made  for  the 
active  circulation  of 
water  through  the  Sjiace 
lietwet^n  the  two  Malls. 
Withotit    the   use   of   a 


j'ld-et. 


or 


the 


e<|uivalent  de 
engine  would  be  inop- 
erative, because  the  high 
temperature  to  which 
the  cylinder  would  he 
raised  by  the  explosions  would  not  only  vaporiiw  the  lubricating  oil 
and  cause  the  rapid  destruction  of  the  cylinder,  but  also  the  entering 
mixture  would  be  exploded  befoi-e  itH  tiTue  by  contact  with  the  hot 
metal.  The  necessity  for  effective  cooling  is  greater  in  the  larger 
engines;  it  is  often  necessary  to  water-jacket  the  exhaust  valve 
in  large  engines  that  it  may  not  be  warjicd  out  of  shajie  by  the 
high  temperature,  and  iiiay  not  be  hot  enough  to  ignite  the  enter- 
ing  charge.  The  cooling  arrangenjcnt  fur  a  balanceii  exhaust 
valve  is  shown  in  Fig.  14,  the  water  entering  the  valve  through 
the  tube  J  and  escaping  after  circulating  at  c.  In  some  large 
engines  the  pistons  also  are  water- jacketed.     In  very  small  engines 
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It  ifl  jKi*         ,  wliBii  the  engine  ia  placed  in  a  siroiig  cnrrent  of  air, 

to  replace      e  water  jacket  by  a  sTstein  of  thin  metal  ril«  ( Fig,  40), 

or  points,        the  BXternal  enrface  of  the  (lyHndtT.     The  currt-nt  of 

air  can  be  obtained  either  from  n  fan  driven  by  the  ciijjine.  ur.  »» 

in  bicyele  motors,  by  iho  movement  of  the  t-ngine  rtsi-lf.     Wlicn 

the  enjjino  ia  water -JKt'keted  it  is  often  pnii'ticablti  with  t^miill  eni;inf!i 

to  iiKulho  bHiui.  cooling  water  over  and  over  Rgniii,  and  tlienusadi^ 

111  Ki  doin^  when  the  water  must  l>e  juiid   for.     Tlie 

111  111  1 1  1^    I  lM'tiii8i'>ts  of  a  vertical  fpUvauizKl  irou 

water  tank  of  conaiderHble 

Ciipaeity   conrieclcd   at   ils 

iHjttOiii  to  Ilic  lower  iwrt  of 
5ION    ,     .     ,  ,  '. 

tile  jacket,  ami  netir  iii^  top 

to    the  HpiKT  jiart   of  llie 

^  IGNITER  jneket.     The  water  in  liie 

jacket  being  heated,   rises 

and  flows  to  the  up^K-r  [wrt 

'^""*"S'^  of  the  tank,  wliea^  it  cools 

hy  contact  with  the  air  and 

wiib  the  sides  of  the  tauk. 

fold   wuter  from  the   liot- 

toiii  of  lliu  tank  tiows  to  the 

cylinder  jacket  to   take  its 

place,     A  continuous  cir- 

itCj-nnJerror  AlrCooUng.'"    ,    ,.  .  -,.■., 

culation  IS  maintained  by 
the  difference  of  density  between  the  cold  and  the  beated  water. 
In  lar^e  eii;jines  when  a  largo  ainountof  water  mnst  be  circulated, 
thia  method  ia  generally  too  cumbrous  and  the  water  is  taken  from 
some  cunaCant  source  of  aupply,  such  as  the  city  mains.  The  pip- 
ing and  valves  are  always  so  arranged  that  it  is  possible  to  draw 
the  water  from  the  jacket. 

The  Explosive  Mixture.  The  air  used  in  the  engine  may  be 
taken  from  the  engine  room  or  from  the  outside.  The  inrush  of , 
nir  to  the  air  pipe  makes  a  noiae  which  is  often  objectionable  in 
the  engine  room,  bnt  which  can  be  greatly  reduced  if  the  air  is 
taken  from  a  large  chamber,  as  in  Fig,  10,  where  it  is  taken  from 
the  base  of  the  engine. 
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If  the  ^as  is  taken  from  the  city  mains,  the  iatermittent  ai-ttoii 
of  the  engine  in  admitting  gas  will  canse  considerable  ductitatiun 
of  pressure  in  the  supply  pij>e.  which  is  not  only  undesirable  in 
that  it  makes  variable  the  amonnt  of  gaa  admilUtl,  but  also  causes 
fliekerinj;  of  any  lights  supplied  from  the  same  p'!**.  To  reduce 
this  fluctuation  it  is  usnal  to  insert  in  the  gassnpjily  pipi'a  rublter 
bag  (see  Fig.  11).  which  collapses  partly  during  tlie  admission 
Btroke  and  tills  out  again  dnring  the  other  strokes.      Any  enlarge- 


FlB.  n.     Arrangement  of  Water  an'iilAI  Ion 

ment  in  the  gas  snpply  pi|)e  will  serve  tlie  same  purpose,  iiut  the 
tlexible  rulil>er  bag  is  more  effective  than  a  mere  entargeiuent. 

The  air  and  gas  sliould  be  mixed  as  thoroughly  as  possible  on 
their  way  to  the  cylinder.  Tliis  is  satisfactorily  accomTilished  if 
the  air  and  gas  have  to  pass  tlirough  a  coiduioii  admission  valve 
after  they  are  mixed,  as  iii  Figs.  K  10  and  Sii.  The  strength  ()f 
the  mixture  is  adjusted  by  tbrottliiig  the  gas  supply,  the  air  suiinlv 
being  left  uncontrolled. 

The  Exhaust,  if  allowed  to  escape  direet  fnuTi  mi  cxliiuiwt 
pipe  of  uniform  cross  section,  is  geiienilly  a  source  of  annovaiice 
by  reason  of  the  loud  noise  which  it  makes.     This  noise  is  greatly 
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M  I*  pijKi  (lifletmrgeB  into  nii  exhaimt  elmiriber  or  pot  \^r« 

I-     jre  puing  to  Ulu  air.     Tlio  itijoctiou  of  water  into  tlie 
iLiai  is  also  iisffiil  ill  rtthiciti^  the  noise  in  lar^  eii^iiiH, 

iti  iioisL'  iioarly  im|)i>rce]»til»le  a,  {jood  plan  is  to  have  tW 

[w  ft'  m-ar  tlie  liottoin  of  a  pit  filltHl  widi  large  stones. 

K  itlons  of  the  Otto  Cycle.     Altlioii^h  tliu  gae  unginu 

ito  cycle  will  give  a  hipliir  etliciein;Y  llian  any  sii-mrl 
q  is  novt^rtlmlcss  dcsirHble  to  incRtise  its  wfficJonoy  as  mifli 
iBBiDle.  IlK  efflcieiii-y  baa  been  shown  to  depend  on  ilia 
'  aiiioiiiit  of  troniprt'saion,  and  tlio  obvious  way  of  incn^^siii^  tliii 
efBciency  is  to  decreaso  thi-  clearance  and  thereby  increase  the 
compreBsioD  presaore.  The  amount  of  compreaBioQ  tbat  can  jw 
used  is  limited  by  two  consideratJoas.  The  first  is  that  it  is  not 
'  oommercially  practicable  to  constrnct  engines  which  will  work 
properly  ander  very  high  pressures  rapidly  imposed  by  ezjdoBions. 
With  an  engine  compressing  the  change  to  100  lb.  pressiire  and 
aeing  a  strong  explosive  mixture,  the  pressure  in  the  cylinder  rises 
suddenly  to  about  350  lb.,  and  this  is  at  present  about  the  practi- 
cable limit.  If  the  explosive  mixture  ia  weak,  the  compression 
may  be  increased;  with  very  weak  mixtnrea  a  compression  to  200 
lb.  is  sometimes  used,  and  resultB  iu  a  maxinium  pressure  of  about 
300  lb. 

The  second  objection  to  the  use  of  high  compression  is  tiiat 
the  rise  in  tcmjieriitiire  of  the  mixture  reeultiiig  from  the  com- 
pression nmy  eiisily  be  sntHiucnt  to  explode  the  mixture  before 
the  piston  has  reaeheJ  the  end  of  its  stroke.  Such  pre-ignitioa  of 
the  charge,  tending  to  force  the  ]iiston  hack,  gives  rise  to  a  great 
shock  and  is  very  destructive  to  the  engine,  besides  reducing  il3 
efficiency,  and  is  coiiseipiently  to  l>e  avoided.  Pre-ignition  may 
occur  even  with  low  compression  if  any  part  of  the  clearance  is 
not  water -jacketed,  or  if  there  is  any  metallic  projection  into  the 
clearance  space.  Such  uii  jacketed  parts,  or  projections,  not  being 
j)rojK.^rIy  cooled,  are  liable  to  be  i-aised  to  a  temperature  higli 
enough  to  ctiuso  the  ignition  of  the  charge.  This  often  forces 
water- jacketing  of  the  exhaust  valve  and  of  the  piston  in  engines 
of  large  size. 

Another  method  of  increasing  the  efficiency  is  by  what  h 
known  as  serve  a-/ hi  r/  the  cylinder.    In  the  ordiuary  Otto  cycle  the 


GAS  AND  OIL  ENGINES  51 


charge  which  is  compressed  consists  of  a  mixture  of  fresh  air  and 
gas  with  the  burned  gases  remaining  in  the  clearance  space  from 
the  previous  cycle.  If  these  burned  gases  are  expelled  from  the 
cylinder  by  a  charge  of  fresh  air  before  the  admission  of  the  explo- 
sive charge,  the  force  of  the  explosion  and  the  etHciency  are 
increased.  The  clearing  out  or  scavenging  of  the  cylinder  with 
fresh  air  has  been  accomplished  in  several  ways.  The  simplest 
method  is  by  the  use  of  an  exhaust  pipe  of  such  length  that  the 
gases  exhausting  from  the  cycle  with  great  velocity  create  a  vacuum 
in  the  cylinder  near  the  end  of  the  exhaust  stroke.  This  vacuum 
causes  the  automatic  air  admission  valve  to  open  and  the  conse- 
quent rush  of  air  from  the  air  valve  to  the  exhaust  port  flushes  out 
the  cylinder,  especially  if  the  air  and  exhaust  valves  are  on  opposite 
sides  of  the  clearance  space.  Occasional  scavenging  is  obtained  in 
engines  governing  on  the  hit-and-miss  [)rinci])le,  each  idle  cycle 
flushing  out  the  cylinder  with  the  result  that  the  succeeding  explo- 
sion is  of  greater  force  than  the  normal  explosion. 

It  has  been  pointed  out  already  that  the  pressure  at  the  end 
of  the  expansion  in  the  Otto  cycle  is  high,  and  that  the  efficiency 
of  the  cycle  can  be  increased  considerably  if  the  gas  is  expanded 
more  completely.  Ordinary  steam  engine  ])ractice  suggests  that 
the  more  complete  expansion  can  be  obtained  by  cinnpou}u1]uii^ 
but  attempts  so  far  to  make  a  satisfactory  compound  gas  engine 
have  not  proved  very  successful.  The  practical  method  of  obtain- 
ing more  complete  exj)ansion  is  to  take  into  the  cylinder  a  dimin- 
ished charge.  The  two  methods  of  accomplishing  this  have  been 
discussed  already.  The  only  fundamental  ditference  between 
engines  using  these  two  methods  is  that  in  one  case  the  governor' 
controls  the  amount  of  the  opening  of  the  admission  valve,  while 
in  the  other  case  it  determines  the  instant  at  which  the  admission 
valve  shall  close. 

One  of  the  main  oi)jections  urged  against  the  Otto  cycle  is 
that  it  recpiires  two  revolutions  of  the  engine  for  its  com|)letion, 
so  that  the  expansion  or  motive  stroke  comes  but  once  in  four 
strokes.  There  results  from  this  a  very  irregular  driving  etfort, 
making  large  fly  wheels  necessary  if  the  main  shaft  is  to  rotate 
uniformly,  or  else  recjuiring  the  use  of  several  engines  working  on 
the  same  shaft.     The  motive  efforts  can  be  made  twice  as  frequent 
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if  the  cylinder  ia  doable  acting,  with  admiaBionB  and  exploeions 
occnrring  on  both  sides  of  the  piston.  Many  large  engines  are  now 
being  made  double  acting,  bat  the  practical  tronblea  in  keeping 
the  piston,  piston  rod,'  cylinder  and  staffing  I>ox  cool  enough  tor 
aatisfaotory  working  have  prevented  the  use  of  donble-acting 
cylinders  in  engines  of  smaU  sise. 

An  increased  frequency  of 
the  expansion  or  motive  stroke 
can  be  obtained  by  a  sli^f 
modification  of  the  Otto  cycle 

M  which  results  in  the  cycle  be- 
ing completed  iu  two  strokes, 
and  which  ia  consequently 
called  the  tieo-eyeU  method. 
Engines  using  the  two-cycle 
method  giye  an  impalae  every 
reTolntion,  and  consequently 

not  only  give  greater  uni- 
formity of  speed  of  rotation 
of  the  crank  sliaft,  but  alflo 
(levt'Iuji  iii-arly  twice  as  iiuieli 
power  as  ^f"iir-fyle  or  Otto 
cycle  entjines  of  the  eatiie 
size.  Moreover,  thfyaregeii- 
enilly  of  great  simplicity. 
Laving  fewer  valves  than  the 
four-cycle  ongiiiee.  An  es- 
Rinple  is  shown  in  Figs.  4'J 
and  43  of  a  two-cycle  engine 

FIB.  «.    Siii.llvy  Twu-cyclc  Engine,  «f   ^'""'1    S'^e;    Fjg.    42     is   a 

vertical  section  showing  the 
pistdii  lit  the  hottoiii  of  its  stroke,  and  Fig.  43  is  a  vertical  sec- 
tiim  ill  ft  jijaiie  lit  right  angles  to  the  previons  section  plane  and 
nhowiiig  tlic  piston  at  llie  tup  of  its  stroke.  As  the  trunk  piston 
A  luiikcs  its  upward  stroke,  it  creates  a  partial  vaeuuiii  below  it 
ill  tlie  eloHcil  cnink  chaiiilier  C,  and  draws  in  the  ex])lo8ive  charge 
tliniiigh  U.  ()n  the  downward  stroke  the  charge  below  tbe  piston 
is  compressed  to  about  10  lb.  pressure  in  the  crank  chamber  (', 
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the  admission  through  R  Wing  controlltHl  l>r  an  nutomatic  vahv 
whifb  closes  vhen  ihe  pressure  iii  ('  exct^s  the  atuu>spheric 
pressure.  When  the  piston  ivaehes  the  lower  end  of  it^  stroke,  it 
nncovera  the  exhaust  port  K  and  at  tlie  e»nw  time  briri<rs  the 
admission  port  D  in  the  piston  opposite  the  hy-|ia^s  (i|>ening 
E  E  E.  and  j)erniits  the  compressed  eharge  to  enter  tlie  evlinder  G 
throngh  the  aiitoin.-itie  admission 
valve/' as  soon  as  the  pressure  in 
the  fvlinder  falls  lielowtliat  of  the 
compressed  charge.  The  return 
of  the  piston  shuts  off  the  admis- 
sion throngh  E  and  tiie  e.vlianst 
through  K  and  compresses  the 
charge  into  the  clearance  s|>ace. 
Tlie  charge  is  then  exploded  [  Fijf. 
43)  and  the  piston  makes  its  down 
or  motive  stroke.  Near  the  end 
of  the  down  stroke,  after  the  open- 
ing of  the  exlianst  jxjrt  K,  the 
admission  of  thecliarge  at  tlie  top 
of  thecylindersweejis  the  imrned 
gases  out,  the  complete  esca[ie  Ix'- 
ing  facilitated  liy  the  ohliiiue  form 
(Fig.  42)  of  the  top  of  the  pi.-^ton. 
The  engine  ia  so  designed  that  the 
piston  on  its  return  stroke  covers 
the  exhaust  port  K  jnst  in  lime 
to  prevent  the  escape  of  any  of  the 
entering  charge.      Tho   processes  ""   -—■-■' 

.,      ,        ,    "^  ,     ,     ,  ,  FlR,  41    Smalk-y  Two-Cj-ulf  KDKlui-, 

described    aliove    and    below    the 

piston  are  siinultaiieous,  the  iipslroke  bciii^  accom[innied  Iiy  tlie 
admission  below  the  jiiston  and  compression  above  it,  while  the 
down  stroke  has  exjwinsion  abovu  tlic  piston  and  a  slight  compres- 
sion below  it.  Tlie  very  short  iiiterviil  of  time  between  the  begin- 
ning of  the  exhaust  and  tlie  admission  of  the  new  ebiirgi*  (which 
enters  as  soon  as  the  jnvssnre  in  the  cylinder  has  fallen  enough 
to  permit  tho  admission  valve  to  ojwn),  makes  jirematuro  ignition 
of  the  charge,  or  back  Jirlnij,  of  not  iufreipient  occurrence.     If 
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9je  iiiixtnrp  19  weak,  or  the  speed  ih  very  high,  so  that  the  cliarf^ 
9  still  burning  when  the  exhaiiBt  o))etis,  or  if  the  freqiieni-y  (if  tlm 
[ilosions  bring  aay  pfti-t  of  the  cylinder  to  a  red  beat,  the  cliargii 
pill  Iw  ignited  on  enterinp,  »nd  tlia  t;\|iliisioti  then  travels  back 
gh  E  E  E  to  the  Clunk  case,  whicli  has  to  lie  iiiadt*  stroug 
1  to  refiist  it.  In  liirfru  eiifiinea  the  chnr<ze  is  eoTii|)reSBe<]  hy 
a  Beparsw  pamp  sod 
not  ID  tbe  crsok  cue. 
A  modisHotioQ  ot  thii 
engine  ma^s  tbe  ooo- 
atnictioQ  even  more 
simple,  BO  that  the  only 
valve  OD  the  engioe  is 
the  antomatio  valve  ad- 
mittiDg  the  charge  to 
the  crank  case.  In  this 
engine  (Fig.  44)  the 
series  of  operations  is 
precisely  aimilar  to  that 
jast  described.  The 
only  difference  is  in  the 
Ity-pafis  connection  E, 
which  has  no  valve  he- 
tweeii  it  and  tlie  cyl- 
inder. The  exhaust  ia 
made  to  open  a  little 
earlier  tliau  the  admis- 
sion, BO  as  to  make  sure 
that  the  pressure  in  the 


CJI 


inder    shall     Lave 


Fig.  U.    SmaHey  Two-Cyela  Engine. 

fallen  below  the  pres- 
sure of  the  slightly  coinjiressed  charge  when  the  admission  port 
opens.  If  the  oj)eiitng  of  the  exhaust  and  adniission  ports  were 
sftnultaneous,  as  in  the  engine  jnat  described,  some  of  the  exhaust 
gases  wonld  force  their  way  through  E  to  the  crank  case,  igniting 
the  charge  there.  Tbe  piston  is  so  shaped  that  the  entering  charge 
is  directed  to  the  top  of  the  cylinder,  forcing  out  the  burned  gases 
before  any  of  the  charge  can  escape  through  tbe  exhaust  port. 
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The  fact  that  the  exhaust  port  is  open  while  admission  is 
taking  place  makes  it  always  possible  in  a  two-cycle  engine  that 
some  of  the  charge  may  be  lost  through  the  exhaust.  If  the  ex- 
haust closes  early,  so  as  to  diminish  the  probability  of  such  loss, 
it  will  cause  the  retention  in  the  cylinder  of  an  unnecessarily  large 
volume  of  burned  gases,  with  consequent  decrease  in  |)Ower  and 
efficiency.  The  two-cycle  engine  may  then  be  regarded  as  a  modifi- 
cation valuable  from  the  point  of  view  of  the  more  uniform  turn- 
ing movement,  compactness  and  simplicity,  but  it  is  always  likely 
to  be  inferior  in  efficiency.  In  some  large  engines  the  air  and  the 
gas  are  compressed  separately;  air  alone  is  admitted  at  first,  ex- 
pelling the  exhaust  gases,  and  then  the  gas  valve  opens,  admitting 
gas  with  the  air.  In  this  way  the  cylinder  can  be  thoroughly 
scavenged  and  the  exhaust  be  closed  l>efore  any  of  the  explosive 
charge  reaches  it. 

Qas  Eng^ine  Fuels.  The  fuels  used  in  gas  engines  are  very 
variable  in  origin,  in  composition,  and  in  heat  value.  They  con- 
sist almost  entirely  of  various  compounds  of  the  chemical  elements 
of  carl)on,  hvdrosen  and  oxveren,  diluted  with  more  or  less  nitro- 
gen.  In  those  regions  where  Uiftuntl  (jttn  occurs,  that  fuel  is  used 
almost  exclusively  in  the  gas  engine;  but  in  most  regions  the  gjis 
has  to  be  made  either  from  solid  or  from  li(juid  fluids.  The  use 
of  liquid  fuels  will  be  considered  later  in  connection  with  the  dis- 
cussion  of  the  oil  eiifjine.  In  most  towns  of  moderate  size  there  is 
available  ?'//</ //^///</^/'//|/  f/^/.v  made  from  coal.  The  illuminating  gjis 
is  made  by  one  of  two  processes  giving  either  nxiJ  iff>i  or  tratt-r  (jax. 

Coal  Qas  is  made  by  heating  the  coal  in  a  retort  away  from 
contact  with  the  air,  so  that  no  combustion  takes  place.  The 
hydrocarbon  gases  in  the  coal  are  driven  off  by  the  heat,  and  after 
undergoing  various  purifying  processes,  are  collected  in  a  holder. 
The  non- volatile  part  of  the  coal  remains  as  coke.  The  gas  con- 
sists mainly  of  hydrocarbons  and  has  a  high  heating  value. 

Water  Qas  is  made  from  a  non-craseous  fuel  such  as  anthra- 
cite  coal  or  coke,  by  an  intermittent  process.  Air  is  blown  through 
a  bed  of  coal  several  feet  thick  until  the  coal  is  incandt^scent,  the 
products  of  combustion  being  permitted  to  escajie.  Then  a  jet  of 
steam  is  blown  through  the  incandescent  fuel,  and  is  thereby 
broken  up  into  its   constituent  elements — hydrogen  and  oxygen. 
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Tlie  oxygen  combines  with  the  carbon  of  the  f nel  to  form  carbon 
monoxide,  CO;  the  hydrc^n  goes  off  unchanged.  The  passage  of 
the  steam  quickly  cools  the  coal,  and  air  has  to  be  blown  tbrongh 
agaiu.  The  only  gas  collected  is  that  generated  during  the  steam 
blow;  it  consists  principally  of  hydrogen  and  carbon  monoxide, 
and  has  a  much  lower  heating  yalue  per  cubic  foot  than  coal  gas. 
The  whole  of  the  coal  is  consumed  in  this  process. 

Both  coal  gas  and  water  gas  are  excellent  fuels  for  use  in  a 
gas  engine,  but  as  they  have  gone  through  certain  processes  for 
cleansing  them  and  increasing  their  illuminating  power,  which 
increase  the  cost  of  the  gas  but  do  not  add  materially  to  its  value 
for  gas  engine  use,  and  since  also  the  cost  to  the  consumer  is  con- 
siderably greater  than  the  cost  of  production,  they  are  not 
economical  fuels.  Such  fuels  should  be  used  only  when  the 
engine  is  very  small  or  its  operation  very  infrequent. 

For  engines  of  50  II.P.  or  over,  which  are  in  regular  opera- 
tion,  it  is  practically  always  more  economical  to  generate  the 
gas  in  a  special  ^^/^y>/W// re'/*  than  to  use  illuminating  gas.  In 
the  gas  producer  either  air  alone,  or  generally  both  air  and  steaiii, 
are  sent  through  a  thick  bed  of  coal.  Tlie  oxygen  of  the  air  on 
first  strikiiiix  tho  zono  of  tluj  iiicaiulescciit  coal  combines  with  the 
carbon  to  form  carbon  dioxide,  CO.,  but  this  on  jwissing  through 
the  burnintr  coal  above,  is  reduced  to  carbon  monoxide,  CO,  which 
escapes  with  the  hydrogen  and  carbon  monoxide  resulting  from 
tlie  action  of  tht^  steam  on  red  hot  coal,  and  with  the  nitrotreii 
which  came  in  with  tlie  air.  The  resultintr  mis  therefore  consists 
almost  entirely  of  carbon  monoxide,  hydrogen  and  nitrogen.  The 
large  amount  of  nitrogen  in  the  air  (79  volumes  in  100)  makes 
the  j)roducer  gas  contain  iifty  j)er  cent  or  more  of  that  inert  gas, 
and  consequently  gives  it  a  low  heat  value. 

A  good  example  of  a  gas  producer  is  shown  in  Fig.  45  under 
working  conditions.  The  IkmI  of  coal,  several  feet  thick,  rt^sts  on 
a  bed  of  asln^s  of  about  ecjual  thickness,  the  ashes  being  supported 
on  a  solid  circular  talde  a.  The  blast  pi|K^  b  terminates  near  the 
top  of  the  bed  of  ashes,  the  blast  being  discharged  radially  so  as 
not  to  concentrate  the  combustion.  The  blast  is  generally  pro- 
duced by  a  steam  jet  blower,  but  sometimes  a  fan  blower  is  ustnl. 
In  the  latter  wise  steam  is  mixed  with  the  air  in  the  blast  pij)e  so 
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as  to  keep  down  the  temperature  of  the  produear  and  to  soften  any 
clinkers  that  form.  Fn-ah  coal  is  siipplitnl  by  a  continuous  anto- 
inutic  feeding  device  on  top  of  the  produtrer,  wliit-h  spreads  the 
coal  in  a  uniform  layer  over  the  upper  surface.  In  many  producers 
the  coal  is  merely  dum|>>d  in  from  ahove  at  intervals,  and  lias  to 
l>e  spread  by  hand.  Tlie 
intermittent  charging 
has  the  disadvantage 
that  it  causes  consider- 
able variation  in  the 
condition  of  the  Hre,  and 
consequently  in  theconi- 
positionof  the  gas  gener- 
ated. The  bed  of  aslies 
is  maintained  of  the  de- 
sired depth  and  tlic  snr- 
phis  ashes  ri'nioved  by 
rotating  the  grate  "  by 
means  of  gears  woiked 
through  the  cntnk  '■,  As 
the  grate  is  phiceil  at 
some  distance  lieknv  the 
conical  easing  or  /rox/i, 
the  asli  dischargi'S  uni- 
formly around  its  jn'ii- 
phery  when  it  if  re- 
volved. This  eauses  a 
uniform  settling  of  the 
bed  of  ash,  and  also  lets 
the  bed  of  fuel  settle  so  , 
as  to  close  up  any  chan- 
nels in  it  which  have 
been  formedby  the  blast. 

Th(3  scrapers  (/,  projecting  a  Khort  distaniv  inio  thu  awii  bed,  help 
the  discharge  of  at^h  from  the  grate.  The  d.-pth  of  the  bed  of 
ashes  ensures  that  the  ash  is  completely  burned  ujid  Cdoled  before 
it  is  finally  discharged. 


Fig.  43.    Tuy 
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Producer  Plants  are  of  two  kinda,  according  aa  the  flow  of 
air  through  the  prodncer  ia  caneed  bj  air  being  forced  in  from 
below  or  by  a  partial  vacnnm  being  created  above  the  fnel.  Tia 
former  ia  called  a  pressure  plant,  the  latter  a  twrtion  plant. 

The  general  arrangement  of  the  pressure  type  of  producer  gu 
plant  IB  shown  in  Fig.  46,  in  which  the  arrowB  indicate  the  direc- 
tion of  flow  of  the  gas.  A  small  boiler  soppliea  Bteam  to  tlie 
blower.  The  gaa  escapes  from  the  prodncer  at  a  high  temperatDre 
and  goes  to  an  economizer,  where  it  gives  up  much  of  its  h«t 
either  to  freah  air,  which  ia  about  to  be  forced  through  the  pro- 
ducer, or  else  to  water,  the  vapor  which  mixes  with  the  air.  The 
gas  then  passes  to  the  scrubber,  where  it  meets  a  sprsy  of  cold 
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waUr,  whicli  furtluT  cuols  it  and  talces  friini  it  dnst  and  boIu! 
iiiipiirily.  (iftur  wlik-h  it  goes  to  the  purifier  for  the  extraction  W 
chemieal  jinuvus  of  certain  undesirable  comjwnenta  aud  for  tlw 
(!otii|>lelion  of  tlio  removal  of  solids,  and  thence  to  tlie  gas  holder. 
If  iiiithrtwitc  colli  or  foke  are  used,  very  little  chemical  puriticatiou 
is  neeeafijiry;  if  bituuiiiions  coal  is  being  burned,  the  cleaning  is 
soinuwliut  iiioi-e  conijilicated.  as  the  tar  and  other  troublesome 
auliHtauces  in  the  gas  have  to  be  extracted  before  it  can  Iw  used. 

Tht!  nii'-l'mii-  ii/j'i-  of  gas  producer  plant  can  be  used  only  when 
tlin  ujieratiori  of  tho  engine  is  continuous  for  long  periods.  It  IiM 
cunsiderahle  advantage  over  the  pressure  type  in  compactness,  but 
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is  rather  troublesome  to  start.  The  flow  of  air  and  vajKtr  through 
the  fuel  ill  the  producer  or  generator  (Fig.  47)  is  dejxjiident  ou  the 
sucking  action  of  the  engine  each  time  it  takes  in  ii  eliarfre,  so  that 
no  boiler  is  needed  to  j»n«luL'e  the  lilaet,  (  The  volume  of  gas  gen- 
erated is  always  e<|unl  to  the  amount  that  the  engine  uses,  so  that 
no  gas  holder  is  rei]uired  between  the  protlucer  and  the  engine,  its 
place  being  taken  by  a  small  gas  tank.  To  start  the  produeer 
working,  a  small  hand  or  belt-driven  blower  is  used,  and  the  prod- 
ucts of  combustion  are  sent  jwiBt  a  by-jmss  valve  directly  to  the 
atmosphere  nntil  the  escaping  gas  will  bnrn  steadily.  The  by-pass 
valve  is  tlieii  closed,  and  the  gas  is  forceil   through   the  scrubber 


and  puriHer  into  the  gas  kink  and  llie  wlmle  ap|uirutMS  is  tilled 
with  gas.  When  good  giis  appears  at  a  lest  cock  near  the  engine, 
the  engine  is  put  in  operation  iiml  ibi'  blower  is  sIojtjmmI.  its  func- 
tion iwing  (M'rfurnied  llnTcufter  liy  tln'  cngiric.  The  hot  gases 
escaping  from  the  giTii>nitor  gii  tirst  tiiroiigb  an  ecotiotnizcr  or 
vaporizer  (not  shown  in  Fig.  47).  and  llu'  sleatii  formed  tlifre  is 
conducted  to  tlie  uinler  side  of  th<-  grale  of  IJic  prtHlneer  and  is 
sucked  tlirougli  wilh  the  air. 

Owing  to  the  resistance  offered    by    Uie  fuel.   sernblH-r,  and 
Other  parts  of  the  jilant  lo  tlie  [>assage  of    (be  gas,  its    |jrf.ssure  on 
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reaching  the  engine  is  considerably  below  the  atmosphmc  pressura. 
This  canses  a  decrease  in  the  weight  of  the  chai^  taken  to  the 
engine,  and  so  makes  the  power  of  the  engine  less  than  when 
pressure  gas  is  used.  Ii^  order  to  get  the  high  compression  which 
is  necessary  to  ensure  ignition  with  a  weak  gas  supplied  at  a  lot 
pressure,  the  clearance  in  the  engine  using  suction  gas  is  smaller 
than  in  other  engines  using  the  same  cycle.  It  is  not  safe  to  oie 
such  an  engine  with  illuminating  gas,  as  the  pressures  resulting 
from  explosion  would  be  excessive.  When  in  some  cases  illumi- 
nating gas  is  used  to  start  the  engine,  a  special  device  is  used  to 
exhaust  some  of  the  charge  during  the  compression  period,  and  so 
to  reduce  the  compression  pressure. 

An  efficient  producer  of  either  the  pressure  or  suction  type 
will  waste  not  more  than  fifteen  to  twenty  per  cent,  of  the  heat  of 
combustion  of  the  coal  in  converting  it  into  gas — that  is,  the  gas 
on  burning  will  give  up  eighty  to  eighty-five  per  cent,  of  the  heat 
of  combustion  of  the  coal.  Its  efficiency  exceeds  that  of  a  steam 
boiler.  If  the  gas  produced  is  a  weak  one,  it  is  produced  in 
greater  volume,  and  it  has  to  be  mixed  with  a  much  smaller 
volume  of  air  than  is  required  for  illuminating  gas.  For  example, 
ordinary  coal  gas  must  have  at  least  six  j)arts  of  air  to  one  of  gas, 
whereas  producer  gas  requires  a  niiniinnm  of  al)out  one-and-a- 
quarter  j)art8  of  air  to  one  of  gas. 

The  heat  liberated  by  the  combustion  of  a  cubic  foot  of  each 
of  the  gases  discussed  is  as  follows: 

Natural  gas 000  -  1000  B.T.U. 

Coal  gas 650-    700      '• 

Water  gas 300      ** 

Producer  gas 120  -    150      " 

The  power  which  can  be  developed  in  an  engine  does  not 
(le{)eiHl  upon  the  heat  of  combustion  of  a  cubic  foot  of  the  fuel 
but  on  the  heat  of  combustion  of  a  cubic  foot  of  the  explosive 
mixture.  The  difference  in  the  amounts  of  air  necessary  for  com- 
bustion with  the  different  gases  makes  the  heats  of  combustion 
j)er  cubic  foot  of  the  explosive  mixture  much  more  nearly  eijual 
than  the  heats  of  combustion  per  cubic  foot  of  the  fuel.  Thus, 
when  mixed  with  just  sufficient  air  for  complete  combustion,  nat- 
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ural  gas,  coal  gas,  and  water  gas  will  all  give  np  abont  90  B.T.U. 
per  cu.  ft.  of  the  explosive  mixture,  while  producer  gas  gives 
up  about  05  B.T.U,  An  engine  will  consequently  develop  al>out 
the  same  power  whether  using  natural  gas,  coal  gas  or  water  gas; 
with  producer  gas  it  will  develop  considerably  less  power. 

Blast  Furnace  Gas.  Besides  the  gases  produced  from  solid 
fuels  for  illuminating  or  power  purposes,  there  are  waste  gases 
escaping  in  many  industrial  processes  (notably  in  the  production 
of  pig  iron)  which  have  considerable  heat  value.  These  gases  have 
been  utilized  by  burning  them  under  a  boiler  for  the  generation 
of  steam,  but  they  are  generally  satisfactory,  after  cleansing,  as 
fuels  for  a  gas  engine,  and  when  so  used  give  three  or  four  times 
more  power  than  when  used  for  steam  generation.  The  gases 
escaping  from  a  blast  furnace  have  a  heat  value  of  about  1(X) 
B.T.U.  per  cubic  foot.  Even  when  the  gas  is  so  poor  that  it  will 
not  burn  under  a  boiler,  it  can  be  made  to  burn  satisfactorily  in 
a  gas  engine  because  of  the  high  compression  to  which  it  is 
subjected. 

The  Care  of  a  Qas  Eng^ine.  For  the  successful  operation  of 
a  gas  engine  intelligent  care  and  accurate  adjustment  are  neces- 
sary, and  also  an  understanding  of  the  processes  going  on  in  the 
cylinder.  It  sometimes  happens  that  the  engine  fails  to  start, 
although  the  ordinary  starting  operations  have  been  carried  out 
faithfully.  Tlie  most  common  causes  of  this  ditticulty  are  incor- 
rect strength  of  mixture,  failure  of  ignition  and  leakage  of  the 
charge.  The  setting  of  the  gas  valve  which  gives  a  satisfactory 
mixture  one  day  may  give  a  non -explosive  mixture  on  the  follow- 
ing day  as  a  result  of  variation  of  pressure  of  the  gas  or  other 
change.  The  strength  of  the  mixture  should  be  varied  in  case  of 
failure  to  start.  If  this  is  ineffective,  the  ignition  should  be  tried. 
The  batteries  may  have  run  down  as  a  result  of  much  use  or  of 
short  circuitincT,  and  should  be  tested  by  short  circuitinir  momen- 
tarily,  when  they  should  give  a  bright  spark.  Too  strong  a  cur- 
rent is  undesirable,  as  it  burns  the  contact  points  rapidly.  It  is 
Well  to  have  on  hand  a  spare  set  of  cells  for  putting  in  circuit. 
There  should  always  be  a  switch  in  the  battery  circuit,  which 
should  be  thrown  out  when  the  engine  is  shut  down,  so  as  to  pre- 
vent short  circuiting.     If  the  battery  is   in  good  condition,  the 
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tronble  may  be  with  the  electrodes,  either  by  their  having  become 
foaled  or  wet,  or,  in  the  make-and-break  syBtem,  by  a  gumming  of 
the  spindle  of  the  moving  electrode  which  makes  it  sticky  and 
slow  in  action.  The  igniter  plug  should  be  withdrawn  and  the 
electrodes  examined.  The  whole  igniter  circuit  should  be  exam- 
ined for  short  circuits. 

If  the  trouble  is  not  with  the  igniter  it  may  be  caused  by 
leakage  of  the  charge.  To  test  this,  the  engine,  if  not  too  laige, 
is  pulled  over  by  hand.  The  resistance  to  turning  on  the  com- 
pression stroke  should  be  very  considerable.  If  the  resistance  is 
not  very  great,  or  decreases,  the  compressed  charge  is  escaping. 
The  leakage  may  be  either  past  the  piston,  the  igniter  plug  or  the 
valves.  If  the  leakage  is  past  the  piston,  it  is  either  due  to  the 
wearing  of  the  cylinder  or  to  the  sticking  of  the  piston  rings. 
The  latter  is  very  liable  to  occur  after  a  while,  especially  if  the 
cylinder  has  been  permitted  to  get  very  hot,  and  can  be  remedied 
by  taking  the  piston  out  and  loosening  and  cleaning  the  rings  with 
kerosene.  A  leakage  past  the  valves  is  due  either  to  gumming  of 
the  valves  or  to  other  deposit  which  keeps  the  valve  off  its  seat,  to 
wearing  of  the  valve,  or  to  sticking  of  the  valve  st^m  in  its  guide 
as  a  result  of  iin])erfect  lubrication.  The  guui miner  and  weiir  of 
the  exhaust  valvo  is  tho  most  common  of  the  causes  of  leakacne 
and  may  bo  remedied  by  grinding  the  valve  on  its  seat  with  flour 
of  emery  and  oil. 

The  presence  of  water  in  the  cylinder,  which  has  leaked  in 
from  the  jacket  through  imj)erfect  joints,  sometimes  causes  the 
electrodes  to  become  wet  and  prevents  tho  engine  starting.  In 
some  engines  the  possibility  of  this  particular  trouble  is  avoided 
by  a  special  design  of  the  jacket  which  has  no  joints  eommnni- 
cating  with  the  inside  of  the  cylinder. 

The  cylinder  oil  that  is  used  in  steam  engines  cannot  be  used 
in  gas  engines,  as  it  carbonizes  at  the  high  temperature  of  the 
explosion,  and  forms  a  deposit  in  the  cylinder  and  on  the  exhaust 
valve.  A  much  lighter  oil  is  used,  and  even  this  if  supplied  in 
excess  causes  a  gradual  accumulation  of  hard  deposit  in  the  cylin- 
der  which  must  be  cleared  out  occasionally.  Apart  from  its  inter- 
ference  ^vith  the  action  of  the  igniter  and  exhaust  valve,  it  is 
liable  to  cause  premature  ignition  by  being  raised  to  incandescence. 
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Cold  water  must  be  kept  circiilatincr  through  the  jackets 
whenever  the  encrine  is  runniucr,  Winer  started  as  soon  as  the  cvlin- 
der  warms  up.  A  stupj>age  of  this  flow,  even  for  a  com |>a rati vely 
short  time,  is  liable  to  have  a  disastrous  effect  u|K)n  the  cylinder. 
A  frradual  accumulation  of  sediment  may  occur  in  the  water  jacket, 
with  a  conse<]uent  reduction  in  its  eflieiency.  On  shutting  down, 
it  is  always  Wtter  to  drain  the  jacket,  which  not  only  prevents  the 
possibility  of  its  freezing  up  in  winter,  but  also  tends  to  clear  it  of 
deposit  of  stKliment.  Generally,  however,  the  jackets  are  drained 
only  in  cold  weather. 

In  the  running  of  a  gas  engine — especially  under  light  loads — 
very  loud  and  alarming  explosions  are  s(»metimes  heani  in  the 
admission  pi|)e  or  in  the  exhaust  pij>e.  The  hock  jiring  in  the 
admission  j)ij)e  nearly  always  results  from  a  leaky  admission  valve. 
The  explosions  in  the  exhaust,  indicating  as  tlicy  do  the  presence 
of  explosive  gases  in  the  exliaust  pij>e,  are  caused  either  by  the  use 
of  a  mixture  which  is  too  weak  or  by  faulty  iixnition.  If  the  mix- 
ture  is  too  weak,  the  charge  taken  in  just  after  an  explosion  may 
fail  to  ignite  because  it  is  mixed  with  the  products  of  the  previous 
explosion,  while  the  next  charge  taken  in  may  exploile  because  it 
doi»8  not  mix  with  burned  eras  but  with  the  weak  chartre  in  the 
clearance.  The  hot  exhaust  gases  ignite  the  weak  mixture  which 
was  rejected  unburned  to  the  exhaust  at  the  previous  cycle.  If 
the  ignition  is  imperfect,  a  good  mixture  may  fail  to  explmie  and 
be  exhausted,  and  then  ignited  in  the  exhaust  pipe  by  the  next 
exhaust  of  hot  gases. 

Large  Qas  Engines.  A  very  rapid  developiqent  has  taken 
j)lace  in  the  size  to  which  gas  engines  are  built  until  they  are  now 
made  as  powerful  as  the  largest  steam  engines.  To  obtain  large 
|)owers  and  to  get  the  desired  uniformity  of  crank  shaft  move- 
ment, multi-cylinders  and  multi-cranks  are  commonly  used.  When 
double-acting  cylinders  are  used,  the  piston  being  subjected  to 
high  temperatures  on  both  sides,  becomes  too  hot  uiil(\ss  there  is 
a  circulation  of  cooling  water  within  it.  Jf  the  piston  is  to  be 
water-cooled,  the  ])iston  rod  is  made  hollow  and  is  furnisluKl  with 
an  internal  tube.  A  water  pi{)e  is  attached  to  the  piston  nxl  near 
the  crosshead,  by  means  of  swing  joints,  and  a  current  of  water 
flows  through  the  internal  tube  to  the  piston,  circulates  through  it 
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in  a  regular  path,  returns  Hlong  the  annular  space  around  tbt*  inter- 
nal tube  in  the  hollow  rod  and  escapes  through  other  pipes  with 
swing  joints. 

To  obtain  an  impulse  each  stroke  from  a  single  cylioder 
engine  (Fig.  48)  a  two-cycle  double-acting  eugine  may  be  useil. 
In  this  engine  the  exhaust  occurs  by  the  uncovering  of  the  ports 
in  the  middle  of  the  cylinder  when  the  engine  is  near  the  end  of 
its  stroke.  The  air  aod  gas  that  are  to  be  admitted  are  compressed 
separately  in  the  two  cylinders  seen  in  the  lower  part  of  the  Bee- 
tional  plan.  When  in  consequence  of  the  opening  of  the  exhausl, 
the  pressure  in  the  cylinder  falls  below  that  to  which  the  air  is 
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comprcsai'il,  ;i\v  filters  tiironirh  an  niitoimitic  valve  (^m.t  sh""ni 
till'  t(i[)  of  thi.!  i.'y!imli'i',  and  rushing  toward  tiie  exliau^t  jiiii 
s\s.-.-p^  (]i.-c\liiid.'rcli'ar  of  bunii-il  gjis.  The  g«s  adinisfiiuii  v;il' 
oi«-iia  iiniru-ili^ilelv  aflerwardrt,  and  an  explosive  cliargc  eiitt-rs;  li 
exhaust  port,  the  return  of  the  pi^ioi 
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i  wiihoiK  liie.IosH  of  any  of  the  entering  i-harge.  T\i'- 
projingntiuii  of  llie  explosion  in  the  cylinders  of  large  engines  i? 
cinnpanitively  slow,  so  tjiat  two  Or  more  igniters  are  sometime 
nsed  so  iirf  to  stMi't  tile  explosion  in  several  places  siiuultaneou:-iv. 
Fuel  Consumption.  Tiie  consninption  of  fuel  in  a  gasenpn^' 
running   at    ils  ruled  load  when  natural  gas  is  used,  is  from  13  lo 
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17  cu.  ft.  per  B.H.P.  per  hour;  with  coal  gas  15  to  19  cu.  ft.  per 
B.H.P.  per  hour,  and  with  producer  gas  about  1 J  lb.  of  coal  per 
B.H.P.  per  hour.  These  are  average  good  results;  large  engines 
show  higher  economy  than  smaller  engines  and  have  given  a  B.H.P. 
with  a  consumption  of  1  lb.  of  coal  per  hour. 

Oil  Engines.  The  fuel  used  in  oil  engines  is  generally  crude 
petroleum  or  some  of  the  oils  derived  from  it  by  the  process  of 
refining.  Crude  petroleum  is  not  a  simple  chemical  substance, 
but  is  a  mixture  of  a  very  large  number  of  diflEerent  hydrocarbons 
having  widely  varying  properties.  If  crude  petroleum  is  slowly 
heated,  it  gives  off  as  vapor  its  various  constituent  elements,  the 
more  volatile  being  given  off  at  the  lower  temperatures,  and  the 
residue  becoming  continuously  more  dense  and  more  viscous.  In 
the  refining  of  petroleum  the  vapors  given  off  at  various  tem- 
peratures are  condensed  and  collected  separately,  and  the  names 
given  to  the  various  products  are  an  index  chiefly  to  the  tendpera- 
ture  at  which  they  give  off  their  vapors.  The  most  volatile  of  the 
ordinary  products  contains  all  the  elements  that  vaporize  at  a  tem- 
perature below  100*^  F.,  and  is  called  gasoVuie.  It  gives  off  some 
of  its  lighter  vapors  at  the  ordinary  temperature  of  the  air,  and  as 
these  vapors  are  highly  combustible,  gasoline  is  quite  dangerous. 
When  mixed  with  from  eight  to  twenty  parts  of  air,  it  forms  an 
explosive  mixture,  which  gives  a  more  rapid  explosion  and  conse- 
quently higher  pressure  than  mixtures  of  equal  heat  value  used  in 
the  gas  engine.  When  exposed  to  the  air,  the  lighter  vapors 
escape,  leaving  behind  a  heavier  and  less  volatile  oil. 

If  petroleum  which  has  been  heated  for  some  time  at  160"^  is 
slowly  raised  in  temperature  to  250^  F.,  a  new  and  heavier  series 
of  vapors  will  be  given  off,  which,  when  condensed  and  collected, 
are  called  benzine  or  naphtlm.  On  still  further  raising  the  tem- 
perature from  250^^  F.  to  SSO""  F.,  a  still  heavier  series  of  vapors  is 
given  off,  forming  the  oil  known  as  ketutHetu.  Kerosene  will  not 
give  off  inflammable  vapors  till  it  is  heated  to  about  120""  F.,  so 
that  it  is  comparatively  safe  and  also  will  not  change  or  deteriorate 
when  stored  under  ordinary  conditions.  It  is  more  diflicult  to 
burn  satisfactorily  than  is  gasoline,  and  when  subjected  to  a  high 
temperature  with  insuflicient  air  for  its  combustion,  it  decomposes 
and  deposits  its  carbon  as  a  hard  cake  on  the  walls  of  the  contain* 
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ing  TaBsel.  The  dense  petioleiim  which  remains  after  the  kerosene 
has  been  driven  off  is  odled  fuel  oU.  If  the  fuel  oil  is  subjected 
to  still  higher  temperatures  other  and  denser  vapors  are  driven  off, 
giving  when  collected  hthricating  aiU^  cylinder  oil  and  paraffine 
wam^  leaving  finally  a  dense  sticky  mass  which  is  known  as  tm- 
duum»  The  various  oils  can  be  distinguished  in  a  general  way  by 
their  densities,  that  is,  their  weights  as  compared  with  the  weiglit 
of  an  equal  volume  of  water.  The  density  of  gasoline  is  about  .63, 
of  kerosene  about  .80,  of  fuel  oil  about  .82,  of  lubricating  oils  up 
to  .92.  If  it  is  stated  that  an  engine  uses  .76  kerosene,  it  mesos 
that  the  density  of  the  kerosene  is  i^  of  that  of  water. 

Crude  petroleum,  gasoline,  kerosene  and  fuel  oil  are  all  used 
in  oil  engines.  The  cycle  of  operations  through  which  the  engine 
goes  and  the  general  structure  of  the  engine  may  be  the  same  for 
all  these  oils  as  for  the  gas  engines  already  discussed;  the  only 
essential  difference  is  in  the  addition  of  devices  for  supplying  the 
oil  to  the  cylinder  and  for  its  preparatory  treatment. 

Oil  engines  may  be  divided  into  two  classes: 

1.  Those  that  convert  the  oil  into  a  fine  spray  or  a  vapor 
before  admitting  it  to  the  cylinder. 

2.  Those  that  deliver  the  oil  to  the  cylinder  in  the  liquid  form. 
Gasoline  Engines.     AVlien  gasoline  is  used,  the  va|X)rization 

is  brought  about  l)y  ])assing  a  current  of  air  over  or  through  the 
oil;  the  air  escapes  enriched  with  vajwr  of  gasoline,  and  is  said  to 
be  Cffrhiif'rfi't/,  The  vessel  in  which  the  process  takes  place  is 
called  a  atrhtrtYftfr,  The  carburett^  air  is  too  rich  in  fuel  to  be 
ex])losive,  so  that  a  further  addition  of  air  is  necessary  at  the 
cylinder.  The  vaporization  of  part  of  the  oil  results  in  a  lower- 
ing of  tenij>erature  of  the  main  body  of  the  oil,  and  this  reduces 
its  volatility.  In  order  to  carry  out  the  process  satisfactorily  with 
a  uniform  quality  of  the  Ciirbureted  air,  it  is  customary  to  heat 
the  carburetor.  This  may  l)e  effected  by  iiuiking  use  of  the  heiit 
either  of  the  exhaust  gases  or  of  the  escaping  jacket  water.  The 
latter  is  more  common  with  gasoline.  A  further  advantage  of 
moderate  heutintj  of  the  carburetor  is  that  the  denser  constituents 
of  the  gasoline  then  become  more  volatile,  so  that  the  passage  of 
the  air  through  the  oil  d(H»s  not  result  in  depriving  it  of  its  lighter 
constituents  by  leaving  a  residue  too  dense  to  be  used. 
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The  carbnretor  shown  in  Fig.  49  conBistg  of  a  vertical  cylin. 
der  Biirronnded  hy  a  water  jai-ket.  Gasoline  is  pimiped  to  the  top 
of  tlie  cylinder  and,  passing  through  a  spraying  device,  falla  in  a 
finely  divided  state.  It  meets  an  upward  current  of  air  drawn  in 
through  inlets  at  the  bottom  by  the  suvtioii  of  the  engine  cylinder. 
The  carbureted  sir  goes  from  the  top  of  the  carburetor  to  the 
engine,  while  any  unvaporized  gasoline  drains  to  the  suction  side 
of  the  gasoline  pump  and  ia  returned  later  to  the  carburetor.  The 
wat«r  jacket  has  circulating  through 
it  some  of  the  heated  jacket  water 
from  the  cylinder.  The  actual  tern- 
perature  of  the  jacket  is  controlled 
by  a  thermostat  which  varies  the 
amount  of  water  circulating. 

Gasoline  is  very  fluid  and  atom- 
izes completely  when  injected  into  a 
pi|)e  through  which  a  current  of  air 
is  ]>assing.  The  air  in  that  case  car- 
ries the  gasoline  with  it,  partly  in  the 
fonn  of  a  mist  and  partly  vajwrized. 
This  process  is  largely  used  in  gaso- 
line engines,  and  is  illustrated  in  Fig. 
50,  which  shows  the  whole  arrange- 
ment of  a  gasoline  ])Iarit.  Tlie  gaso- 
line tank  is  buried  below  the  floor 
level  and  outside  the  building,  so  as 
to  reduce  the  danger  in  case  of  fire 
or  explosion,  and  also  so  that  there 
can  be  no  leakage  of  gasoline  from 
the  pipes  when  the  engine  is  not  running.  The  gasoline  is  taken 
through  a  strainer  near  the  bottom  of  the  ttmk  and  through  the 
suction  jiijie  by  the  action  of  a  gasoline  pump,  which  is  workwl 
from  the  cum  shaft  {see  Fig.  11).  It  ia  theu  forced  through  the 
control  valve  A  and  is  sprayed  into  the  air  pipe  N  through  the  jet 
II  whenever  the  fuel  admission  valve  G  opens.  A  vertical  branch 
of  the  discharge  jiijie  from  the  gasoline  pnnip  has  an  overflow  con- 
necting with  the  tank.  The  pump  always  delivers  more  gasoline 
than  is  required,  the  excess  being  returned  to  the  tank  through  the 
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overflow  pipe.  This  maintains  a  constant  pressure  of  the  gasoline 
depending  onlyon  the  constant  overflow  level.  With  a  given  open- 
ing of  the  control  valve  A  and  a  constant  heacjon  the  gasoline,  the 
amount  of  gasoline  admitted  each  time  remains  constant. 

An  engine  using  gasoline  is  usually  provided  with  a  clearance 
space  somewhat  larger  than  that  used  in  a  gas  engine,  so  as  to 
prevent  excessive  pressures  during  explosion.  The  indicator  card, 
Fig.  51,  shows  the  rapidity  and  force  of  the  explosion  in  a  gaso- 
line engine. 

Kerosene  and  Crude  Oil  Eng^ines.    When  kerosene  or  heavier 
oils  are  to  be  burned,  different  methods  from  those  described  for 
gasoline  must  be  used.     The  kerosene  is  generally  broken  up  in 
the  carburetor  into  a  fine  spray 
or  mist  by  a  current  of  air;  it  is 
then  sent  to  a  vaporizer  before 
being  admitted  to  the  cylinder. 
In  the  vaporizer  the  carbureted 
air  is  raised  to  a  high  temper- 
ature, the  heat  of  the  exhaust 
gases  being  utilized  for  this  pur- 
pose, and  the  kerosene  is  con- 
verted into  a  vapor.     Unless  the 
kerosene  is  completely  vaporized 
before  admission  to  the  cylinder, 

it  is  diflScult  to  ensure  its  complete  combustion.  Some  of  the 
liquid  kerosene  in  the  cylinder  cracks  or  breaks  up  into  its  ele- 
ments as  a  result  of  the  very  high  temperature  to  which  it  is  sub- 
jected, and  the  carbon  deposits  itself  on  the  piston  and  walls  of 
the  clearance  space  as  a  hard  coating.  The  teni{)erature  in  the 
vaporizer  is  not  sutficient  to  crack  the  oil. 

In  some  cases  the  carburetor  or  spraying  device  is  omitted 
and  the  oil  is  pumped  directly  into  a  vaporizer  or  generator  which 
converts  the  liquid  into  a  vapor.  A  device  of  this  kind  for  burn- 
ing heavy  crude  oil,  such  as  is  found  in  the  Texas  oil  fields,  is 
shown  in  P^ig.  52.  The  generator  G  is  placed  close  to  the  engine 
so  that  the  hot  exhaust  gases  coming  through  the  pipe  N  shall  not 
be  cooled  before  reaching  it.  The  oil  pumped  by  the  engine  goes 
through  the  pipe  F  to  the  small  reservoir  E  on  top  of  the  gener- 
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Fig.  51.    Indicator  Card  of  GasoUne 
Engine. 


468 


trolkti  bv  tiic  throtllti  valvt<  T  at  the  reservoir  R.  The  oil  trickU's 
down  avt>r  etirfatwa  which  are  heatfd  by  the  i-xliitimt  g^sva  and  is 
luirtl^  or  completely  Viiporiifed.  Any  nnconflmned  residue  drains 
off  through  the  cock  D  iit  tho  bottom  of  the  generator.  TUtt 
ti'inptTRturH  in  tlit*  generator  in  reynlated  by  a  liejit  valve  E,  whicL 
may  bo  ent  bo  us  to  uiruiilutu  mII  or  tiny  part  of  the  txhausi  gww.i 


Fig.  a 


Engine  Arranged  tor  BunUng  Heavy  Crude  i 


throiii^h  tlie  heating  foil  of  the  generator,  the  rest  beinjf  sent 
direetlj  to  the  exhaust  pijte  X.  Air  ia  drawn  into  the  lower  part 
of  the  generator  througli  the  pipe  C,  and  the  mixture  of  air  and 
vapor  leaving  the  top  of  the  generator  by  the  pipe  B,  meets  a 
fresh  Riipply  of  air  arriving  through  the  valve  A  before  being 
admitted  to  the  eylinder.  When  kerosene  is  to  be  used,  the  gen. 
eralor  ia  very  much  smaller,  but  the  general  arrangement  is  similar. 
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Kerosene  and  the  heavier  oila  van  I>e  need  in  oil  engines  witli- 
out  preliminary  vaporization.  One  of  the  tiiethoda  of  awoi n pi i Kit- 
ing this  is  illustrated  in  Fig.  53,  which  is  a  longitiidiiml  Hwtion  of 
an  engine  using  kerosene  or  crude  oil.  A  combustion  chanilHT  or 
vftj)orizer  A  is  attached  to  the  end  of  the  cylinder  and  coitiitiuni- 
cates  with  it  tLrough  a  narrow  neck  B.  Tlie  outer  jHtrt  of  tlu> 
vRjrtjrizer  is  unjacketed,  and  consequently  is  kept  at  a  g(HHl  rttl 
heat  by  the  successive  explosions.  Tlie  engine  follows  the  usual 
four  stroke  cycle.  During  the  admission  stroke  air  alone  is  wliuit- 
ted  to  tlio  cylinder,  while  oil  is  injecte<l  into  the  coinlmHtion  diaiu- 
ber  and  is  vaporized  there.     During  the  return  stroke  the  air  ia 


compressed  inio  the  lajwriiwr.  mixi-H  with  ihe  oil  va|Hir  and  forms 
an  explosive  ,m\Ui,;-  «lncli  is  ignit.-l  by  th<-  hot  w.iIIh  of  ih.-  cm- 
buMtion  cliatiibtT.  Tlie  )iroportions  of  tin-  combustinri  chanilx-r  am 
designed  so  that  tin-  explosion  docs  ti()l  occur  till  near  the  end  of 
the  compression  Ktroke.  The  fuel  Hujiply  i^  rigu]al.--l  by  the  gov. 
ernor,  which  c(intn)l3  a  by-|)awB  jx-nnitting  ]iurt  of  the  discharge 
from  the  pump  to  return  to  the  snetion  xidi^  Jtefiire  starting  the 
engine  [he  coirilmstidu  chamlN-r  oiust  Ije  rairiiii  to  a  bright  n-d  heat 
by  an  external  heater;  but  after  starting,  it  is  mainlaiiicd  in  that 
condition  by  llie  e.vplfKiions.  Tlie  engine  Is  of  great  sitji|ili<-itv 
flimv  it  di.-[>en:iert  with  Ixtth  igiiiti^r  and  mixing  valve.     The  com. 


btistioii  clmiitlxir  lieuuines  truated  with  a  dejxisit  of  cjirbun  restiltiug 

frum  tliti  cmirking  of  the  oil  at  tliu  Iiig)'  k'tiipuniture,  but  it  U 

easily  leiiiovt-d  for  i-luauing. 

I  The  Diesel  Cycle.      All   the  ongiues  disoiissfHl  »o   far  iiave 

I  0])i'rtil<'<l  "II  tlie  Otto  iryvle  or  some  itio<iitii^alion  of   that  eyde. 

Thi'm  in  cuiiiiii^  into  iisu  for  crudu  oil  or  fiit<l   uil  engines  aootbi^r 

cycle  of  operationd,  knowu  as  tliu  Diesel  cyclic,  which  nierite  atteu- 

tion  becftiistt  of  its  high  efficiency.     The  t'ycit'  will  operate  e»j\it(]ly 

f  well  with  paa  or  paaoHiie.  but  is   naturally  used  with  tlie  cheaper 

[■fnelf.     The    l>ies.-l  cycle  reseniblea    the    (Hlo    cycle  in    requiring 

'  fonr  BtTOkoa  for  its  completioii.     Xhe.HrBt  oat  stroke  drawB  inu 

the  cylinder  a  chai^  of  pare  air  alone,  without  any  admixtnre  of 

the  fael.     On  the  return  atroke  the  air  is  oompreased;  and  since 

the  clearance  in  tliis  engine  is  only  about  seren  per  cmt  of  the 

cylinder  volnine,  the  preBsore  at  the  end  of  coraprdaaion  rises  to 

about  600  Ib.persq.  in.,  and  the 

temperatoie  of  the  air  to  about 

1,000°  F.     Ab  the  hi^  preeeare 

soo    is  reached  gradnally,  it  does  not 

cause  a  shock  to  the  engine,  each 

as  an    explosion   to   the  same 

Fig.  r.l.    Indicator  Caril-Dlrs.'l  F.nnine.       preSBllfe    WOuM    givc.       At   the 

beginning  of  the  second  out- 
stroke  the  oil  adiiussiuii  valve  opens  and  a  charge  of  oil  is  blown  into 
the  cylinder  in  the  form  of  a  tine  spray  by  a  small  quantity  of  air 
which  has  been  compressed  by  a  special  compressor  to  about  550 
lb.  The  nioincnt  the  entering  oil  meets  the  highly  heated  air  in 
the  clearance  space,  it  ignites  and  burns.  The  combustion  goes 
on  so  long  as  the  fuel  is  being  blown  in,  usually  for  about  one- 
tenth  of  the  forwan.1  stroke;  and  since  there  is  no  large  quantity 
burning  at  any  instant,  there  is  nothing  in  tlie  nature  of  an 
explosion.  I'sually  the  heat  generated  by  the  combustion  is  ^ot 
Bufticient  to  prevent  the  jiressure  in  the  cylinder  falling  while  the 
admission  is  taking  place,  so  that  the  admission  line  on  the  indi- 
cator card  falls  below  the  constant  pressure  line  as  seen  in  the 
indicator  card,  Fig.  5-i.  The  method  of  burning  is  really  essen- 
tially similar  to  that  of  an  ordinary  gas  burner,  and  not  to  that  of 
an  explosive  mixture,  and  consequently  the  oil  will  burn  with  any 
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excess  of  air  present.  After  the  admission  valve  has  closed,  tlie 
charge  expands  and  then  ia  exhausted  on  the  return  stroke.  The 
indicator  card,  Fig.  51,  shows  the  cycle  of  operations. 

The  general  Btructiire  of  the  engine  and  a  detail  of  the  valves 
are  shown  in  Figa.  55  and  50,     Tlie  movement  of  the  fuel  admis- 


sion valve  is  very  slight,  giving  a  narrow  annular  opening  for  the 
entry  of  the  oil.  Surrounding  the  valvi;  spindle  is  a  series  of 
brass  washers  perforati'd  parallel  to  the  spindle  liy  numerous  small 
holes.  Tlie  oil  is  jiuinju'd  into  the  sjwce  around  t!ie  valve  epiudle 
near  its  middle,  and  liy  capillary  action  finds  its  way  between  the 
washers  and  into  the  perforations.     The  air  for  fuel   injection  is 
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admitted  tlirough  anotlier  pipe  into  the  same  Bpace,  but  behind 
the  oil,  and  because  of  its  high  preaaure  blowa  the  oil  into  the 
cylinder  when  the  valve  opena.  The  amount  of  oil  admitted  is 
regulated  by  the  governor  which  controls  the  time  of  opening  of 
a  by. pass  connecting  the  discharge  and  snction  sidtts  of  the  oil 
pump.  At  light  loads  the  oil  is  pamped  to  the  fuel  valve  for 
part  only  of  the  admiasion  period,  and  air  above  will  enter  past 
the  valve  for  the  rest  of  the  period.     The  method  of  slow  coinhna- 


I'l^    :■•:     V:ilv.-s  of  Mr:i.-1  En^-ln<-. 

1  ill  1.  hr^^r  ,.^,■,■^-.  uf  liijrhly  h,-at...I  i.ir  i-nsur<-s  v,tv  .-oiiipU'te 
jl>iisli(ni  fv.'ii  wiili  III,'  heaviest  oils,  so  that  tiiiTc  is  ii.i  eliaiiw 
tl,..  arrin,nil:,linh  uf    a   eurb.in   di-pcsit  in    tlio  cylinder.      The 

.•ial  slarliij^f  viilve  b.-iiig  used  for  the  jiurpoi^i-.      l>i.-s,-l   fiiirit"''' 
.-,  iindi-r  lest,  converted  more  tliiin  ;{.')  per  wnt  of    the    lieat  of 
il.iislinn  (,f  the  oil  inl(.  work  done  in  the  cylinder. 
The  Care  of  the  Oil    Enniiie.     The  sitiue  general  i.r.-wmlioris 
iieees^ai  V  ill  runiiiiiir  all  ..il  engine  as  in  rnnnini:  n  Has  elimm-. 
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and  the  same  troubles  are  liable  to  occur.  The  starting  by  liand 
of  a  gasoline  engine  of  small  size  has  been  described  already.  If 
the  engine  fails  to  start,  it  will  probably  be  because  either  too 
much  or  too  little  gasoline  was  admitted.  The  amount  admitted 
for  starting  must  be  varied  >vith  the  temperature  of  the  cylinder. 
In  cold  weather  about  twice  the  normal  amount  must  be  used, 
while  on  the  other  hand,  if  the  engine  has  been  running  and  has 
been  shut  down  for  a  short  time  only,  a  considerable  diminished 
charge  is  necessary. 

Great  care  must  be  taken  by  the  use  of  suitable  strainers  that 
no  solid  foreign  matter  gets  into  the  oil  supply  pipe,  otherwise 
there  is  great  liability  to  the  obstruction  of  the  flow.  Owing  to  its 
more  rapid  explosion  and  to  the  greater  richness  of  the  explosive 
charge,  a  gasoline  engine  will  develop  more  power  than  a  gas 
engine  of  the  same  size,  even  when  the  latter  uses  natural  gas. 

Oil  Consumption.  The  consumption  of  gasoline  in  an  engine 
of  small  size  averages  about  one- tenth  of  a  gallon  per  brake  horse 
power  per  hour.  In  the  Diesel  motor  the  average  consumption  of 
crude  oil  per  brake  horse  power  per  hour  is  less  than  one-tenth  of 
a  gallon. 

The  field  for  the  use  of  the  oil  engine  is  very  extended.  It  is 
the  most  compact  of  the  heat  engines,  requiring  nothing  equivalent 
to  boiler  or  gas  generator,  and  consequently  is  inherently  the  most 
suitable  for  purposes  of  transportation.  Its  extensive  adoption  for 
driving  automobiles  and  motor  boats  is  being  followed  by  its  appli- 
cation to  locomotives  and  to  large  vessels.  The  absence  of  boiler 
and  of  heat  generator  losses  makes  it  both  potentially  and  actually 
the  most  efficient  of  all  heat  engines.  The  relative  cost  of  power 
developed  by  oil,  gas  and  steam  engines  de|)ends  on  the  cost  of  the 
oil  and  of  coal,  and  this  varies  with  the  locality  ^nd  the  kind  of  oil 
or  coal.  In  refining  petroleum  not  more  than  ten  per  cent  of  the 
oil  can  be  collected  as  gasoline,  so  that  this  oil,  which  is  not  the 
most  easy  to  use,  is  not  available  in  as  large  quantity,  and  conse- 
quently has  a  considerable  higher  cost  than  the  heavier  oils.  Kero- 
sene forms  twenty-five  to  fifty  pc^r  cent  of  the  crude  oil,  and  is 
consequently  cheaper.  Fuel  oil  and  crude  oil  are  the  cheapest, 
but  are  also  the  most  difficult  to  burn  satisfactorily. 
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REVIEW     QUESTIONS. 


PRACTICAL  TEST  QUESTIONS. 

In  the  forepfoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  The^y  will  bo  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer's  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 
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REVIEW   QUESTIONS 


ON     THE     SUBJECT     OF* 


THE    STEAM    ENGINE 


PART    I. 


1.  Whot  should  be  the  rim  weight  of  a  cast  iron  fly-wheel 
which  is  15  feet  in  diameter,  if  the  engine  is  of  the  Corliss  type, 
with  an  18"  X  36"  cylinder,  and  runs  at  90  revolutions  per 
minute  ? 

2.  In  wliat  way  does  the  action  of  steam  in  the  turbine 
engine  differ  from  the  action  of  steam  in  the  ordinary  reciprocating 
engine  ? 

3.  What  is  the  theoretical  lieiglit  of  a  simple  pendulum 
governor  which  makes  65  revolutions  per  minute? 

4.  In  wliat  way  did  Newcomen  improve  tlje  steam  engine? 

5.  Explain  the  difference  between  the  condensing  and  the 
noncondensing  engine,  and  show  why  the  condenser  increases  the 
power  of  the  engine. 

6.  Describe  two  methods  of  overcoming  the  danger  due  to 
high  rotative  speed  in  the  steam  turbine. 

7.  What  two  principh'S  did  James  Watt  follow  in  his 
experiments  on  the  steam  engine? 

8.  What  types  of  engines  have  no  fly-wheel?  Why  have 
they  no  fly-wlieel  ? 

9.  What  should  be  the  thickness  of  rim  for  a  cast  iron  fly- 
wheel weighing  4,480  pounds ;  the  face  is  12  inches  wide,  and  the 
diameter  of  the  wheel  15  feet? 

10.     Name  some  of  Watt's  inventions  and  improvements  in 
the  steam  engine. 
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lat   is   meant    by   compounJ   and   triple    expaiiMion 


lat  IE  a  Woolf  engine?     What  ia  a  tandem  engine'' 

ound? 

plain  wit!)  Hketcli  the  action  of  a  eight-feed  cjUuder 

lat  is  the  function  of  a  governor? 
ly  \a  not  the  power  given  out  by  nil  engine  constatil 
I       'en  time? 

vVhat  are  the  rehitivc  advantages  and  disadvantages  of 
torbine  engines  a.s  compured  with  reciprocating  engines? 

17.  Wlmt  is  the  ofBce  of  the  fly-wheel? 

18.  How  docs  the  heiglit  of  the  goveiiior  affect  its  8en»i- 
ees? 

19.  Why  are  lubricants  used?    Name  the  requisites  of  good 
licanta. 

20.  Name  the  advantages  of  the  vertical  engine. 

21.  Describe  the  two  kinds  of  governors, 

22.  In  what  two  ways  do  govemon>  vaty  the  work  done  on 
tne  piston  ? 

23.  How  are  liigh-speed  engines  oiled? 

24.  Which  cliiss  of  engine  needs  the  huger  fly-wheel,  and 
why,  high  speed  or  low  apeed? 

25.  Describe  the  direct-acting  steam  pump. 

26.  How  does  the  action  of  the  Buckeye  engine  governor 
in  changing  the  amount  of  steam  adinilted  per  stroke  differ  from 
the  action  of  the  straight-line  engine  governor? 

27.  What  are  the  advantages  and  the  principal  disadvan- 
tages of  the  Corliss  engine  ? 

28.  Name  the  requisites  for  high-speed  reciprocating 
engines. 

29.  Why  do  pumping  engines  usually  have  devices  for 
economy  ? 

SO.  Explain  how  the  expansinu  of  steam  is  obtained  in  each 
of  the  two  types  of  steam  turbine. 

81.  If  the  height  of  a  simple  pendulum  governor  is  8  inches, 
what  is  the  equivalent  height  if  a  weight  equal  to  1^  times  the 
weight  of  the  balls  is  added? 


REVIEW   QUESTIONS 


ON"      THK      SUKJKOT      OB* 


STEAM   ENCrlNK    INDICATORS. 


1.  A  Brunibo  Pulley  has  the  following  dimensions :  lever  80 
inches  long,  stroke  32  inches  and  mdius  of  sector  10  inches.  Whai 
will  be  the  length  of  the  diagram  ? 

2.  Define  Mean  Effective  Pressure. 

3.  When  is  a  tliree-way  cock  used  ? 

4.  Describe  Watt's  Indicator. 

5.  A  steam  engine  has  a  stroke  of  30  inches,  diameter  of 
piston  18  inches,  and  the  initial  pressure  110  pounds  (gage).  If 
steam  is  admitted  during  the  whole  stroke  and  the  exhaust  is  at 
atmospheric  pressure,  what  is  the  theoretical  M.  E.  P.? 

6.  In  the  above  engine,  wliat  is  the  theoretical  indicated 
horse-power  if  the  engine  is  running  at  75  revolutions  per  minute? 

Ans.  318  I.  H.  P. 

7.  Why  is  a  reducing  motion  necessary  in  taking  indicator 
cards  ? 

8.  After  taking  an  indicator  card,  how  is  the  atmospheric 
line  drawn  ? 

9.  Give  the  formula  for  finding  the  Indicated  Hoi-se-power, 
explain  the  meaning  of  the  letters,  and  why  is  the  denominator 
33,000  ? 

10.  What  is  a  good  height  and  length  for  an  indicator  card  T 
What  data  should  be  placed  on  the  diagram  ? 

11.  Describe  the  process  of  taking  a  carcL 
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INDICATORS. 


12.  Explain  with  sketxjh  the  method  of  finding  the  area  of 
an  indicator  card  by  means  of  ordinates. 

13.  If  you  were  told  to  find  the  I.  H.  P.  of  an  engine  what 
data  would  you  require  ? 

14.  What  peculiarity  has  the  Tabor  indicator? 

15.  What  will  be  the  fault  with  the  card  if  the  spring  used 
in  an  indicator  is  too  light  ?     If  too  heavy  ? 

16.  If  the  I.  H.  P.  is  85.6  and  the  efficiency  90  per  cent, 
what  is  the  available  horse-power  ? 

17.  If  the  initial  pressure  of  steam  in  85  pounds  absolute 
and  the  exhaust  pressure  2  pounds  above  the  vacuum,  what  is  the 
thermal  efficiency  ? 

18.  An  indicator  card  gives  a  steam  consumption  of  28.6 
pounds  per  I.  II.  P.  per  hour.  If  the  mechanical  efficiency  is  87 
per  cent,  what  is  the  steam  consumption  per  B.  II.  P.? 

Ans.  32.87  pounds. 

19.  A  rope  bvake  is  attached  to  the  fly  wheel  of  an  engine. 
The  pulley  is  36  inches  in  diameter  and  the  rope  1  inch.  If  the 
spring  balance  registei"s  220  pounds  and  the  weight  is  20  pounds, 
what  is  the  B.  II.  P.  while  ^le  engine  is  running  300  revolutions 
per  minute?  Ans.   17.(>  B.  II.  P. 

20.  Arc  the  cjiiils  most  rcliiiblc  when  t'.ikcii  by  two  indicii- 
tors  or  when  both  Jire  taken  on  the  same  i»aper  by  the  same 
indicatoi? 

21.  Wliat  is  the  s{>ee«l  of  an  engine  if  tlie  P>.  II.  P.  is  2.84, 
the  length  of  arm  of  Piony  brake  3  feet,  and  tlie  weight  at  the 
end  of  the  arm  -)')  ])(>unds  ?  Ans.   142  revolutions. 

22.  If  the  admission  line  of  an  indicator  diagram  curves 
backwanl,  what  does  it  indicate  ?      IIow  wouM  you  reuiedy  it? 

23.  What  is  wire-drawing?     Explain  why  it  is  undesirable. 

24.  '4'he  piston  of  an  engine  is  1  *J  inches  in  diameter;  the 
piston  speed  is  4<S0  feet  j)er  minute.  A  cai-d  was  taken  with  a 
40-pound  spring;  ihe  mean  ordinate  Ix.'ing  l.K)  iiuhes.  What 
was  the  I.  IF.  P.?  Ans.   11)1.4  1.  II.  P. 

25.  What  eans(\s  wavy  lines  in  an  indicator  diaLrram? 

2G.  What  is  tlie  indicated  horse-j)ower  of  an  engine  12"  X  IS* 
when  lunningat  90  revolutions,  tli(^  M.  Vl.  P.  being  42  pounds? 
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REVIEW    QUESTIONS 


ON     THK     STTBJKOfT     OF 


VALVE    GEARS. 


1.  Why  cannot  the  displacement  of  the  piston  be  found  in 
the  same  manner  as  that  of  the  valve  ? 

2.  What  is  the  throw  of  the  eccentric  if  the  valve  travel  is 
3  inches  and  the  rocker  arm  has  the  followincr  dimensions:  AB  == 
12  inches,  AG  =  15  inches.     See  Ficrs.  19  and  20. 

3.  Explain  why  the  eccentric  radius  is  not  at  right  angles 
to  the  crank.     What  is  lead  'i 

4.  Why  are  laps  used  ?  What  effect  does  an  increase  of 
outside  laj)  have  upon  steam  distribution  ? 

5.  Describe  an  eccentric. 

6.  Sketch  a  plain  slide  valve  and  indicate  ports,  bridges, 
exhaust  cavity,  inside  and  outside  lap. 

7.  Give  the  advantages  of  the  Corliss  valve  gear. 

8.  With  a  connecting  rod  of  ordinary  length,  explain  why 
there  is  unequal  steam  distribution,  if  the  valve  is  set  for  one  end 
and  if  the  laps  are  equal. 

9.  How  do  the  following  changes  affect  steam  distribution 
with  a  plain  slide  valve,  a.  Increase  in  angular  advance,  b. 
Increase  in  eccentricity. 

10.  Describe  the  essential  features  of  the  Joy  valve  gear. 

11.  Referring  to  Fig.  16,  will  the  line  RO  be  perpendicular 
to  XY  when  the  piston  is  in  the  middle  of  the  stroke  ? 

12.  What  should  be  the  diameter  of  the  steam  pipe  for  an 
18"  X  24"  engine  that  makes  100  revolutions  per  minute  ? 

Ans.  5  inches. 

13.  Describe   how  the   governor  regulates   the   engine  by 
means  of  the  shifting  eccentric. 
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14.  Wheu  setting  th«  Meyer  valve,  is  the  main  valve  given 
a  late  or  early  cut-off  (     Why ! 

15.  ^Vhat  relatiuii  l>etwe«n  cut-off  and  compression  can  In- 
ohtaiDed  with  the  Meyer  valve  that  is  iinfrossible  with  the  ordi- 
nary slide  valve '( 

10.     Descrilje,  with  sketch,  the  Stephenson  link. 

17.  Explain  why  an  engine  runs  in  the  opposite  directioD  if 
the  valve  is  dieconnectiiii  from  one  eccentric  and  connected  to  the 
opposite  one.  ^M 

la.      What  should  be  the  width  of  the  oxhaoat  port  < 

19.  What  is  the  advantage  of  the  piston  valve } 

20.  What  are  the  advantagea  of  the  radial  valve  gearaf 

21.  What  is  one  disadranti^  of  the  Corliss  gear? 

32.  How  may  a  valve  be  moat  easily  balanced  to  overcome 
weight  of  valve  and  gear  as  well  as  steam  pressure  ? 

23.  How  does  the  Gooch  link  differ  from  the  Stuphenson 
liokl 

24.  Given  in  a  certain  valve: 
Valve  travel  =  3  inches. 
Lead  angle  =  6". 
Cut-off  at  ^-  stroke. 
Compression  at  '|  stroke, 

liatio  of  connecling  rod  to  crank  —  4. 
Find  by  means  of  Zeuner'a  diagram: 
Linear  lead. 
Outside  lap. 
Inside  lap. 
Angular  advance. 

25.  What  are  "crossed  rods"?  How  is  steam  distribn- 
tion  with  crossed  rods  different  from  that  with  open  rods? 

26.  How  does  the  passage  in  the  trick  valve  affect  lead'j 
How  dues  it  affect  admission  t 

27.  For  what  two  reasons  are  link  motions  used  on  locomo- 
tives? 

28.  Why  does  bringing  the  block  nearer  the  center  of  the 
Stephenson  link  cause  cut-off  to  occur  earlier  'i 

'29.     What  advantage  has  the  duuble-ported  slide  valve? 
30.     What  is  meant  by  the  mid-position  of  a  valve  ! 


REVIEW   QUESTIONS 


ON     XHK     BUBJKCX     OF 


THE   STEAM    ENGINE. 


PART  IL 


1.  Describe  the  method  of  finding  tlie  theoretical  thermal 
efficiency. 

2.  Explain  how  there  is  any  gain  by  using  a  steam  jacket. 

3.  Explain  the  formula  expressing  the  relation  between 
pressure,  volume  and  temperature  of  a  perfect  gas. 

4.  State  Boyle's  Law. 

5.  What  efifect  does  speed  have  on  the  economy  of  an 
engine  ? 

6.  Explain  the  advantages  and  disadvantages  of  super- 
heating. 

7.  If  steam  exhausts  into  a  jet  condenser,  how  much  water 
will  be  required  (theoretically)  to  condense  10  pounds  of  steam, 
if  the  entering  water  is  at  55°  F,  the  discharge  at  118°  F  and  the 
vacuum  gage  reiids  13.7  ? 

8.  At  what  position  of  the  crank  is  the  maximum  turning 
moment  ? 

9 .  If  the  feed  water  is  heated,  is  the  economy  of  the  en- 
gine increased  ? 

10.  What  is  the  absolute  temperature  of  150°  F? 

11.  Other  things  being  equal,  is  a  large  engine  more  eco- 
nomical than  a  small  one  ?     Why  ? 

12.  Explain  initial  condensation. 

13.  Describe  the  action  of  heat  on  a  body  of  water  under 
atmospheric  pressure. 


THE    STEAM    ENGINK 


14.  Define  the  terms :  saturated  steam,  superheated  steam, 
wet  steam  and  dry  steam. 

15.  Name  the  properties  found  in  the  steam  tables. 

16.  How  does  a  condenser  increase  the  power  of  an  engine? 

17.  Explain  how  re-evaporation  is  possible. 

18.  How  is  the  amount  of  steam  used  per  hour  found  ? 

19.  Explain  with  sketch  how  the  crank  effort  is  more 
nearly  constant  if  there  is .  more  than  one  crank  on  the  shaft 

20.  In  what  two  ways  does  compounding  effect  a  saving 
of  steain? 

21.  Give  the  formula  expressing  approximately  the  relation 
between  pressure  and  volume  of  steam.     What  is  it  called  ? 

22.  Fihd  the  probable  I.  H.  P.  of  a  high-speed  triple-expan- 
sion engine  for  a  battle-ship.  The  engine  runs  at  150  revolu- 
tions; total  mtio  of  expansion  12;  initial  pressure  145  pounds 
(gage),  condenser  vacuum  14  inches  of  mercury;  the  low-pres- 
sure cyUnder  is  72"  X  36". 

Ans.  2567.2  I.  H.  P. 

Note. —  Use  card  factor  of  .00  and  atmospheric  ])ressure  14.7  pounds. 

23.  Wliat  is  the  temperature  of  saturated  steam  correspond- 
ing to  a  pressure  of  120  pounds  (gage)? 

24.  What  is  the  heat  equivalent  of  work?  How  many  foot- 
pounds of  work  equal  one  B.  T.  U.  ? 

25.  How  many  K.  T.  U.  are  required  to  furnisli  energy  suffi- 
cient to  raise  fiOO  pouuds  5,280  feet?  How  many  pounds  of  coal 
will  furnish  this  heat,  assuming  6,800  B.  T.  U.  per  pound  are 
available  ? 

Ans  f  3,393  B.T.U. 
'  I  J-  pound  (about). 

26.  How  many  cubic  feet  do  3  pounds  of  steam  occupy 
when  at  45  pounds  absolute  pivssure  ? 

27.  How  many  B.  T.  U.  are  necessary  to  change  8  pounds 
of  water  at  320*^  F  into  steam  at  the  corresponding  temperature 
and  pressure  ? 

28.  What  is  the  actual  lliermal  etiiciencv  of  an  entrine  ? 


v^ 


REVIEW  questio:n^s 


ON     THI3     SlTBJKCr     OF 


R  E  F  R  I  C>  E  R  A  T  T  O  ?^  . 


PART    I 


1.  What  is  the  principle  upon  which  the  modern  method 
of  refrigeration  is  based  ? 

2.  Why  is  it  desirable  to  use  a  compressor  ? 

3.  A  solution  of  chloride  of  sodium  has  a  specific  gravity  of 
1.1018.  What  is  the  freezing  point  in  degrees  Fahrenheit,  and 
what  is  its  density  in  degrees  Salometer  ? 

4.  What  do  you  consider  the  most  important  parts  of  a 
compressor  ? 

n.     Should  the  clearance  of  a  compressor  be  small  or  great  ? 

6.  Why  is  ammonia  so  generally  used  in  refrigeration  1 

7.  What  is  the  difference  in  the  construction  of  a  discharge 
valve  and  a  suction  valve  ? 

8.  Where  should  the  oil  separator  be  placed  ? 

9.  What  is  the  diiference  between  the  direct-expansion 
system  and  the  brine  system  ? 

10.  What  should  be  the  displacement  in  the  compressor  for 
a  seven- ton  machine  ? 

11.  If  a  Fahrenheit  thermometer  in  a  room  indicates  a  tem- 
perature of  38  degrees,  what  w^ould  be  the  reading  of  a  Centigrade 
thermometer  ? 

12.  What  temperature  (Fahrenheit)  would  be  indicated  by  a 
thermometer  placed  in  an  open  vessel  of  li(piid  ammonia  ?  What 
would  be  the  temperature  lieaumer  ? 

13.  Why  is  it  im])ortant  to  have  the  spring  of  the  discharge 
valve  correctly  adjusted  ? 

14.  What  kind  of  valve  is  best  adapted  for  regulating  the 
flow  of  ammonia  ? 
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REVIE^^    QUESTIONS 


OI^    THE    StJBJFBCT    OF* 


REFRIGERATION 


PART  II. 


1.  What  well-known  apparatns  used  in  steam  engineering 
employs  the  rapid  vaporization  of  w^ater  for  producing  cold  ? 

2.  At  what  temperature  does  ammonia  boil  if  the  pressure 
is  15  poimds  per  square  inch  ? 

3.  In  what  way  does  refrigeration  by  carbonic  anhydride 
gas  differ  from  the  ammonia  process  ? 

4.  Describe  Carre's  first  ice  plant. 

5.  Why  are  oil  and  water  traps  used  in  the  process  of  refrig- 
eration by  comprf'ssod  air? 

0.  Wliv  imist  iho  (liamotor  of  \]\o  stoaiii  cvlliidor  be  much 
greater  tlian  that  of  the  gas  cylinder  in  the  carljonic  anhydri«lo 
compressor  ? 

7.  IjV  wliat  motliods  is  tlie  liont  removed  from  compressed 
air  so  that  it  mav  be  used  as  a  refri£i:eratinc:  aG:ent  ? 

8.  What  is  th(^  working  ]>ressnre  in  the  ammonia  still  ? 

0.  What  is  an  avora;L;e  vahie  for  the  working  pressure  of  the 
carbonic  anhydride  process  ? 

10.  Why  is  tlie  compressed-air  system  usually  preferred  to 
tlie  ammonia  process  on  board  ship  ? 

11.  Discuss  briefly  the  advantages  and  disadvantages  of  the 
slide  valve  and  the  poppi^t  valve  for  air  compressors. 

12.  State  briefly  the  principle  of  the  ammonia  absorption 
])rocess. 

13.  State  briefly  the  cycle  of  operations  in  the  process  using 
carbonic  anhydride  gas. 

14.  Are  gage  glasses  absolutely  necessary  to  the  successful 
working  of  an  absorption  system  ? 


\^^ 


RKVIF.^W^    QTTKSTTOXS 


ox    TICK    MUH.IKCT    OK 


GAS    AXD    OIL    KXOIXKS 


1.  Describe  the  cycle  of   oj)er<ation3  in  the  Lenoir  engine. 

2.  What  is  tlie  usual  pressure  in  the  cylinder  when  the 
exhaust  valve  opens  ?  What  device  is  used  to  reduce  the  work 
necessary  to  raise  a  valve  against  that  pressure  ? 

3.  What  is  an  internal  combustion  motor,  and  what  are  its 
principal  advantages  over  the  external  combustion  motor? 

4.  Describe  a  gas  producer  plant  and  explain  the  differ- 
ences between  the  pressure  and  the  suction  types  of  producer 
j)lant.  Will  a  given  gas  engine  develop  as  much  power  with  pro- 
ducer gas  as  with  coal  gas  ? 

5.  What  is  the  pressure  at  the  end  of  compression  in  the 
ideal  Otto  cycle  engine  with  30%  clearance  ? 

6.  What  is  the  efficiency  of  the  engine  in  the  previous 
j)robIem,  and  what  is  the  probable  elKciency  of  an  actual  engine 
with  the  same  clearance  ? 

7.  What  is  an  external  combustion  motor  and  what  are  its 
principal  defects  ? 

8.  Describe  the  series  of  operations  of  the  Otto  cycle. 

9.  Explain  the  hit-and-miss  system  of  governing  gas 
engines.     How  is  it  carried  out?     AVhat  are  its  disadvantages? 

10.  What  are  the  functions  of  the  valves  used  in  a  gas 
engine?  What  kind  of  valve  is  generally  used  ?  Which  of  the 
valves  mav  be  automatic  in  action  i 

11.  Draw  and  explain  the  indicator  card  of  an  engine  using 
the  Otto  cycle  with  increased  expansion. 

12.  Descril>e  the  procedure  in  starting  a  small  gas  engine 
by  hand.     How  can  a  large  gas  engine  be  started  ? 
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1;^.  AVliat  is  the  usual  inetluxl  of  actuatiug  tlie  valves? 
What  must  he  the  s|Hvd  of  revolution  of  the  side  shaft? 

14.  AVliy  is  it  ])ossil)le  (a)  to  compress  to  higher  pressures, 
and  [h)  to  use  a  larger  excess  of  air  with  the  Diesel  cycle  than 
with  the  Otto  cycle  ?  How  is  the  governing  carried  out  in  the 
Diesel  enmne  i 

15.  Describe  the  method  of  burning  heavy  oils  used  in  the 
IIornsby-Akroyd  engine. 

1<).  Describe  the  ])rocedure  in  starting  an  engine  with  gaso- 
line. How  much  gasoline  dot.»s  an  average  engine  use  per  brake 
horse  power  per  hour  ? 

17.  AVhat  an*  the  most  common  causes  of  failure  to  start  in 
a  gJiH  engine  i     How  would  you  set  to  work  to  find  out  the  trouble? 

18.  How  may  kt^roscne  be  vaporized  before  being  sent  to 
the  cylinder  of  the  enjrine^  AV^hat  is  meant  bv  the  crack  in  cr  of 
kerosene,  and  how  is  it  caused  i 

11>.  AVhat  is  carburete<l  air?  I)escril)e  the  action  of  a  cav- 
buretor  for  gasoline.      WhtM-e   should  the  gasoline  tank  l)e  jdaced  ? 

20.  Draw  the  indicator  card  for  the  Otto  cycle.  What  kind 
of  com])re88ion  occurs  in  this  cycle? 

21.  AVlial  is  lnick-Hriii<»;.  Iiow  is  it  caused  and  how  remedied  ? 

22.  AN'liMl  is  tin*  .'ivcrjurt*  fuel  coiisumnlion  in  a  fas  entTine? 
2'^,      WliMt  arc  tlir  fuels  iis«m1  in  oil  cnirincs  ^      How  are   tlu*v 

ol>taine(l  and  liow  iriav  tlitv   Ik*  distinmiishtMl    from    ont*   aiiotluM*^ 

21".  I  pon  what  docs  ihc  ctlicieiicv  of  the  Otto  evcli*  depend  ( 
l'n(I(M*  what  conditions  will  tin*  ctlicicncv  be  hiu;h  t 

'IT).      l)«'scri^  •  hot  tube  iiniition. 

2<).  Explain  lie  operation  of  a  mak(»-and-brcak  igniter. 
Sketch  the  necessary  electric  connections. 

27.  P^xplain  carefully  the  series  of  operations  in  a  two-cycle 
gas  engin(\      What  are  the  advantages  and  defects  of  this  ty]>e  i 

2^.  Hescribe  the  Diestd  cyclic  and  draw  an  indicator  card 
illustrating  the  processes. 

211.  Describe  three  mt^tluMls  of  cfoverninfT  by  the  variable- 
im])ul.se  systtMH  an<l  (li>cnss  their  relativ(»  advantages. 

»)<K  What  «lo  \ou  undci-stand  by  timintr  the  iixnition,  and 
by  l(^a(l  of  tlit*  iiniilion  (  What  is  thtMdf(*ct  of  too  small  lead  and 
what  of  too  threat  l<*ad  (     Illustrate  by  indicator  cards,     y 
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